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ABSTRACT 


This thesis relates the construction project 
management functions of planning, scheduling, and cost 
eontrol to the accountine-information required for 
conducting these functions. A network model is 
described and special attention is given towards the 
uses of this model for financial planning and control 
of construction projects. The information require- 
ments of the model are examined and ecceneian is focused 
on these requirements which can be fulfiled by 
accounting information. 

Some empirical work was carried out, namely a 
survey OL local construction firms to determine the 
extent to which they were using CPM or other network 
models. The results indicated that CPM has not been 
fully accepted as a management tool by local contractors 


and that the integrated time/cost model is rarely used. 
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CHAPTER I 


INTRODUCTION 


Mlasu une woclediainge. and coutrolvot “work activities 
are prerequisites for effective project management. Network 
based systems are an improved technique for performing these 
functions. .This technique has proven very beneficial to the 
construction industry, since traditionally the abovementioned 
functions have been difficult to perform Pere rors ye 
Contractors who have used network based systems to assit in 
managing their projects have realized savings in both time 


and money. 


Purpose of the Study 

This study relates the integrated time/cost network 
ewecant referred to as the Critical Path Method (CPM), used 
Dy coustriction tirms for planunine. scheduling, and control, 
to the accounting information requirements of the system. 
Network systems have been successfully used on construction 
projects for planning and scheduling. However, the systems 
have generally not integrated these functions with the account- 
Ine wanformation, of the firm’. 

tThesobjecttvesi of the model for specific financial plann- 
ing and cost control are established. From this, the study 
explores the information requirements of the model and deter- 


mines the degree to which accounting information is able to 
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PUteewetiesewreguirenents, ver specitic problems “which 
Lie -Gtudy attenpts (to find solutions, for are: 

(1) The accounting information requirements of the 
CPM model for use by construction companies, with 
special attention given to financial planning and 
Cos b control, 

(2) Io determine the extent to which the basic CPM 
model is being used by construction companies 
operating in the Edmonton area. 

(3) To determine the extent to which the integrated 
time/cost CPM model is being used by these same 
contractors, and 

(4) To determine if the accounting information supplied 
to project management in these construction firms 
is integrated with the management functions of pro- 


sect planning, scheduling, “and control. 


Summary of the Basic CPM Model 

There are numerous network based planning techniques 
available for management use today. Among these are the 
Critical Path Method (CPM), Progress Evaluation and Review 
Technique (PERT), Resource Allocation and Multi-Project Sche- 
duling (RAMPS), Resource Planning and Scheduling Method (RPSM), 
as well as a host of others. All of these techniques and 
Variations aré basically structured on the same principle, 
namely, the use of a network diagram to lay out work activity 


relationships, to employ the time dimension for scheduling, 
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and to superimpose resource requirements to facilitate effi- 
cient allocation. There are, however, minor differences 
between these methods. The CPM model is taken as the network 
System fOr purposes of this study. This is the system usually 
UsecaeloreplLanning and Control ef construction projects in 
which there is little uncertainty and in which activities can 
be easily defined. The terminology common to CPM and the 
construction industry is presented in Appendix A. The metho- 
dology and procedures of the basic CPM model are described 
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Methodology 


This study is based on a déscriptive, analytical, 
interpretative approach. The financial planning and cost 
control model was designed based upon library research and 
ieravtner sc tanttrarirey with the construction industry. In- 
formation requirements for this model were also established 
from library and practical references. 

A questionnaire was administered to personnel of a small 
sample of Edmonton construction companies. The results of 
the survey as well as any other information noted during the 
interviews was then used to derive the conclusions as reported 


in Chapter V. 


LimitatcLone, or che Study 


iheamayor, lamitation to the study 15 «that the descriptive 


model designed for project management has not been tested by 
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appeyange the model to a speciiitc construction project. This 
Wourd) constitute a Pomioweue EOVENIS (Study.  “Sowever, if the 
model was so tested, evaluation of the results would have to 
be on a subjective basis due to the infinite number of vari- 
ables other than the projects planning and control systen, 
which affect the success of construction projects. 

The questionnaire survey of Edmonton construction com- 
panies is inadequate for the purposes of drawing any broad, 
general conclusions. However, the survey was never intended 
to accomplish this end. It was designed for the purpose of 
roughly indicating the application or use made of planning 
and control models similar to the one described in the study, 
by several gf the more prominent of Edmonton's construction 


firms. 


Organization of the Thesis 

fe thesis ss broken into six chapters. Chapter if des~ 
cribes the usefulness of the integrated time/cost model for 
Manaeing construction aprojects...Chapter, I1l describes the 
processes of application and analysis of the network model. 
It also describes the information requirements used by, and 
the information outputs for decision making of, the model. 
Chapter IV centers on the role that accounting information 
has in supplying information to the model. Chapter V presents 
and analyses the results obtained in the questionnaire survey 
of several construction firms, and Chapter VI summarizes the 
study and makes recommendations for other areas of research 


om the topic of this paper. 
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CHAPTER if 


THE INTEGRATED NETWORK MODuL FOR FINANCIAL 


PLANNING AND CONTROL 


Objectives of the Model 

A network-based system which includes the cost dimen- 
Sion aims at relating the activities to be accomplished to 
both the schedule constraints and the financial information 
required for construction project management. The network 
system permits linkage of these elements of information to- 
gether and allows comparison of the actual expenditures of 
time, labor, and funds with the projected ones. Using the 
thet time/cost system, those responsible for the pro- 
Tece could prepare and present integrated information 
to managers to facilitate decision Te age 

Archibald and Villoria suggest the following general 

objectives of the integrated network-based system: 

(a) "to provide a sound basis for the development of 
valid time, cost, and manpower estimates that 
reflect the actual resources available, 

(b) to aid in determining where resources should be 


applied to best achieve time, cost, and technical 
performance objectives, and 


RussellsaDfiArchibald tandiRtchard sebatVibberha, Network- 


Based Management Systems (PERT/CPM), (New York: John Wiley 
SeSanaetaiuer, wbFG2) fopp ec hbligeL2aq. 
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to provide a system for early identification of 
those project areas with the greatest potential 
schedule slippages and/or cost overruns to faci- 
litate action before trouble develops".2 


Output information from such an integrated network 


System could be used by management as input information to 


Various. decision»making «processes. ;.With.respect.to.the 


usefulness of including the cost dimension into the network 


plan, the information could be used by management to determine: 


GL) 


(2) 


(3) 
(4) 


(5) 


where resources can be reallocated via trade-offs 
among the activities of the project to sharten 

the the total project schedule; 

the optimum project duration, considering the 
relationships between time, direct project costs, 
and indirect project costs; 
accurately.~the.project's.forecasted cashflow; 
whether the project plan is consistent with current 
schedule and cost commitments, and if not, to 
atiowsforeecorrectivetaction,to be taken,as. early 
as possible; 

whether any given work package or activity and its 


associated expenditure were consistent with the 


current schedule and cost commitments. 


A detailed discussion of these five major uses, with 


respectyto. financial planning andacost control,,of, the dnote- 


grated network model for project management is presented below. 
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Uses of the Integrated Model for Project Management 


Time/Cost Trade-Off Analysis 

The basis for the time/cost trade-off model is the 
assumption that there is a relationship between the direct 
dollar cost and the duration time for each project eet aie 
This model is used to reallocate resources if the project 
must be accelerated or slowed. Given that the project must 
be accelerated, the manager would want to know which activi- 
ties could be speeded up (crashed) at the least additional 
direct cost to the project. 

The basic inputs to the time/cost trade-off model are 
the cost functions of the various activities. These func- 
tions are described by the various levels of effort, and thus 
cost, that could be applied to an activity and the expected 
duration of each level of effort. The relationship between 
the direct cost of an activity and its duration may take the 
form of the "true cost curve" illustrated in Figure 2.1. 

This curve is an ideal one which assumes that there is an 
activity duration for which the cost is minimum. If the acti- 
vity is allowed to take longer than this then the cost rises 
due to the inefficient use of manpower or materials; if, on 
the other hand, the task is speeded up, this too will cost 

more money. As more money is spent on the activity, so the 


effective reduction in the activity duration diminishes until 
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rae a slope used as an approximation 
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Crue, cost .curve 


Duration 


MEGURE Wel ACTIVI YY DERECT “COST /TEME "RELATIONSHIP 


a point is reached at which no further reduction is prac- 
tically possible. More money can still be spent on the 
Bet ee CV eit Will enot ll Tesurt in any efrurthner, reauction: in 


StS. duration. 


This phenomenon is described by many authors including 
Joseph J. Moder and Cecil R. Phillips, Project Management 
Wien CeM and run, (New Yorks Reinhold Publishing Corp: , 
£904) ppt 207-130; "K.C, McLaren and Excb.-Bucsnel,--Network 
Analysis in Project Management, (London: Cassell and Co., 
Diane, se 909). p.'199s sames M. Anti lil ang Ronald Ww, Woodhead’, 
PoLLatidebatir-ouethous af Construct lLonorractice, CSydney, 
Rar ad a On Wiley and Sons, elite oo), ppe L415; 

Don T. DeCoster, "PERT/Cost - The Challenge", Contemporary 


Issues,in. Cost, Accounting, Ed..Hector)R. (continued on p. ) 
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This cost curve is also ideal in that it shows a con- 
tinuous relationship between time and costs. However in 
practice this function may be discretionary or stair-stepped 
reflecting specific changes in method or manpower. To over- 
come the practical problem of defining the continuous cost 
curve, a linear function based upon two time-cost relation- 
ships is used. The two points most easily calculated are 
those associated with normal and crash conditions of the 
activitys aUstediystheccost les have been based upon 
normal durations and therefore the normal duration and cost 
is readily available. The approximated straight line incre- 
mental direct cost curve is also illustrated in Figure 2.1. 
"While this is obviously a gross over-simplification for most 
activities, the actual relationship will be so diverse that 
no single general assumption is likely to prove signifi- 
cantly better and this one has the merit of simplicity". 

ohare some major activities or cost work packages, where 
the over-simplification may be completely misleading, a 
closer approximation to the true direct cost curve could be 


derived by calculating one or more intermediate points 


Pah ease faced) Anton and Peter A. Firmin, (Boston: Houghton 


Mifflin Company, 1966), p. 3753; Archibald and Villoria, 
ioe. Cat... pp. itl6-L17;, Roy Pitcher, Principles of Con- 
struction Management, (London: McGraw-Hill Publishing 
Company Limited, 1966), pp. 227-228; and R.L. Martino, 
Dynamic Costing, (Wayne, Pennsylvania: MDI Publications, 
£968) pe 28. 


McLaren and Buesnel, loc. cit., p. 139. 
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(points between normal and crash duration). The resulting 
function would be approximated as a curve as shown in 
Pieucet..2,)) (028 suncuLon wit cnanee at" "the iantlection 
POLUCS and in, crder to be justitiable for,use in decision 
making, these points should be chosen with care. They should 
preferably be calculated for some specific change in the 
construction method or procedure such as changing from single 
SnirtG work to-double snitt. 

For a given project duration it is possible to select 
a number of different sets of activity durations, each of 


which may satisfy the project time requirements but with 


gatfterent total costs. Provided that these alternatives 
terash 
Ve 
<7 
W 
s plas aac function used as an approxima- 
3 tron forthe true cost curve 
vu See 
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EIGURY 2.2. ACTIVITY COST/TIME RELATIONSHIP 
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equally satisfy other project objectives then it is desir- 
able that the set involving the least cost should be selected 
for implementation. This set will have oniy activities on 
the critical path completed in less than normal time. 
The procedure then, for accelerating the project is 
to begin shortening the critical path through the network 
by accelerating the activity which has the least direct-cost- 
bo-taine slope. Jkis activity, with the function of Lowest 
magnitude, can be accelerated until its full crash time 
(minimum durestlon) us teached.. “an fee emer point is reached, 
GieumCn. te CLreimcalL path) Siitrts sso,asunot to include the 
particular activity being accelerated. Given that either 
of these situations occurs (or all simultaneously) another 
activity will automatically present the Lowest time/cost 
trade-off and it_will then be accelerated until its crash 
time is reached or another activity becomes more critical. 
In this manner, management can reduce the project duration 
by the desired amount of time at the lowest trade-off cost. 
tt should) oe, pointed out heye that not all the cost/ 
tamervelationships will fall onthe project direct cost curve. 
Acts vities whichy are not on@the critical path will cost»more 
money if they are speeded up but this will not decrease the 
project's duration. Speeding up all the non-critical activi- 
ties un tne network butsnot the critica lractivities,wilt 
have the effect of increasing the cost of the project without 
altering ats duration until a point is reached where all 


non-Critical activities are at a crash condition. The maximum 
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G@irect ~costsarises when.all activities, critical and non- 
Critical sare at crash. These relationships are illustrated 
an Eigure;2.3.-¢ The areasboundedsby.the two,costpcurves 
gives the total possible time-cost relationships for the 
project and hence the full range of possible direct costs 


Fer.any given project duration can be specified... 
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Optimum Project Duration 

Establishing the optimum project duration is basically 
an extension io£f ,the time/cost trade~off model. By summing 
these least cost sets for incremental time changes, the 
direct project cost curve can be developed as was shown in 
Figure (2 Pac 

Theoretically, the project"s direct cost increases as 
the project duration Ls shortenedseAs the project duration 
decreases new critical paths are created and more activities 
have to be speeded up simultaneously to achieve further re- 
duction in the project completion time. THLS Curve is 
developed, as discussed above, by correlating the sum of 
the direct activity costs against their respective duration 
OVELr Varying project durations. 

However, thestotal project cost is; the sum: of two 
separate costs; the direct expenditure made in accomplishing 
the work and the indirect cost related to the control or 
direction or that Work Coverhead, services, interest’, ‘charges, 
completion bonuses or penalty payments, etc.). The indirect 
project cost will increase, almost linéarly, as the project's 
duration increases. The two project cost curves are shown 
graphically in Figure 2.4. 

When the two cost curves have been calculated, they 
Can be “summed to obtain the total project cost curve. “As 
itdicateain ficure 2.4, this total cost Curve will exhibit 
a a Ee an £67 @er cost and thus the optimum project schedule, 


somewhere between the normal project duration and the mini- 
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mum project duration. 

It must be noted that the derivation of the direct 
cost/duration function is an involved simulation exercise re- 
Gils nes wes considerable. amount. of calculation, to produce a 
number of alternative schedules and cost analyses upon which 
Management can adjudicate, and therefore it is not easily 
performed without adequate resources such as a computer. 
However, as Brennan states, "we are going to see in the next 
few kts with the advent of new generation machines, that 


the cost of computing will become so low as to make... least 
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cost estimating on an optimum basis" economical. 

Another point of caution is that in using the indirect 
cost function, consideration must be given to future projects 
which will absorb these costs when the project is completed. 
Accelerating a project to reduce indirect costs will result 
in some diseconomies if other projects are not available to 
accept and benefit from these indirect costed items (super- 
visors, plant, equipment, etc.), once the project has been 
completed. 

Theoretically, the optimum project duration model 
appears sound. However, some practitioners question its 
validity as a management tool. The model "is impractical 
to the extent that it assumes the given network is the best 
wayeto pian the project, Actually) «revisions of’the*network 
to reflect improved plans is almost always the way by which 


8 


time is savéd"* 


Financial Planning 
We will assume that the primary objective of sophisti- 
cated, progressive construction companies is to maximize 


long-term income while earning the best possible return on 


7 


Jas. Brennan, “Discussion during Applications of Critical 
Path Techniques, Proceedings of a Conference under the aegis 
vireheé®NATO'Scientific*Affiairs “Conférence: ; "Applications 

of "Gritiecal Path Techniques{"Eds Jas.* Brennan, (New York: 
Ame@evtcansMElesevier “Publtshins Gompany,;Inc., -1968) 5p. -389: 
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investment. POT OLCeT CO ute ree LOD Fectave,. Mandar ement 
must be able to objectively assess the finances of projects 
and to manage these accordingly. An objective financial 
assessment of a project must take into account the following 
Malin ractors< 

(1) amountand timing of investment; 

(2) amount and timing of revenue; 

COyeeevosecin le Variations ni botn investment and revenve. 

The primary advantage of frond network models is 
the realistic work schedules and accurate assessment of pro- 
ject costs which are used in forecasting the cash flows of 
the project. 

Because the network shows the relationship between 
expenditure ftandittiwme durine,»the-period of the project, it 
can be used to predict the money required at each point in 
Cie etoOstimainee he pronect "and subsequentin, to .control) 
expenditure as the project progresses. Assuming that the 
costs of each work package are incurred evenly over the dura- 
tron of (eachy/vonk package, it is possible to derive the 
direct -cost-over-time function for the project. To these 
figures are added the indirect costs (these may have been 


represented in the network plan and therefore already accounted 
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H.S. Woodgate, "The Planning Network as a Basis for Re- 
Source raisocation. Cost Planninevand Project) Profitability 
Assessment", Applications of Critical Path Techniques, Ed. 
Jas Brennan, (New York: American Elsevier Publishing Company, 
Lives 1963) ip).0. 08:0n 
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for) to arrive at the total project expenditure-time func- 
tion illustrated in Figure 2.5. 

This cumulative cost curve of the project plan selected 
provides the basis for one of the principal cash flows in- 
volved. Indirect or lump sum costs not included in the 
network are also considered in determining the cash outflows. 


This satisfies the first requirement; the amount and timing 


of investment. 


total cum. expenditures plus profit Pra 
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FIGURE 2.5 PROJECT FINANCE SCHEDULE 
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The total project expenditure plus profit, which equals 
the bid price, provides an accurate program from which to 
calculate the cumulative revenue-earning capacity of the 
project in accordance with the progress payment provisions 
of the contract. This revenue function can be superimposed 
on the cumulative project expenditure curve to give the 
financial investment required for the project. The differ- 
ence between the expenditure curve and the revenue curve 
represents the additional financing (overdraft) required at 
any given time of the project's duration. This relationship 
between functions is also illustrated in Figure 2.5. 

Since construction projects usually present many un- 
knowns’ the schedules and plans are susceptible to change. 
Bad weather, equipment breakdowns, etc., can all lead to 
rescheduling. Under these conditions financial decisions 
Should account for alternatives which might arise. 

One method of accounting for this risk in project 
financing would involve using the cumulative project expendi- 
tures based upon the earliest start schedule and on the latest 
finish schedule. This would yield a comparison of early and 
late time costs, as illustrated in Figure. 2.6. (With the 
information obtained by analyzing the two cumulative expendi- 
ture programs with their respective cumulative revenue func- 
tions, management can allocate funds for minimum expected 
ee ee and make arrangements for additional financing 
funds to be held in some profitable but relatively liquid 


form, should actual conditions fall short of optimum and 
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FIGURE 2.6 CUMULATIVE PROJECT COST CURVES 


these funds are required. 

A second, more sophisticated method involves establish- 
ing a probability distribution for the project expenditures, 
This can be accomplished by assigning probabilities of cost 
occurrence, based upon past experience or anticipation, to 
each cost work package, and simulating alternative solutions 
using random number selection. With this distribution for 
the project's expenditure, management have a useful way of 
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2 Woodeate, Joc. cit., pp, 340-341. 
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Now that management has determined the financing 
requirements of the nee tee financing charges or interest 
can be determined to complete the assessment of the project's 
profitability and contribution to the company's income. 

MouLene ro tineancial  appileattonio. the integrated. time/ 
cost network is that it can be used as a basis for progress 
payments. Given that the cost work packages cover relatively 
short time periods, (e.g., maximum of twelve days) the con- 
tractor can base his progress claim on work activities com- 
pleted. This eliminates the need to measure the perc. ntage 
of work completed on a particular activity since only conm- 
pleted activities would be billed. This procedure will 
resull in.work which is partially completed not being paid 
for until the next payment period. However, if activities 
were short enough, the loss due to hold backs would be mini- 
mal and will be balanced by the costs of quantity surveying 
IDVeUrredsUundebe present construction practice, to determine per 
cent completed. On a project of reasonable size, monthly quan- 
tity measurements usually involves the employment of an 
extra survey crew plus the necessary supporting draftsmen 
and.quantity technicians. 

On projects where payments are based upon subjective 
estimates of work progress, and thus surveying expenses are 
avoided, the owner risks having the contractor "front end 
Load ‘sthescontract. Frontend Jogdine results in, the contrac=- 
tor claiming a payment for several times the value of the 


work completed in the early stages of the project and then 
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Datances this by claims (below cost, later on, This means 
tnatetue coutractor’s cach intlowois more Eavorable.but at 

a cOst to the owner, all for work vet to.be performed. . By 
specifying costs in the network model, the owner has a record 
for review and can detect activities which have been priced 
unreasonably. 

Just as the basic network system forces management to 
plan, the major advantage of the integrated time/cost network 
system is that management can develop a viable budget. With 
an accurate budget based upon extensively developed pians 
and schedules, management can minimize the financing costs 
Of the project.) “Alone with this major benefLit,.the integrated 
network system provides both the owner and management with 


a well defined basis for evaluating progress. 


Pronect Cost eContr ol 
Céstecontro: Is one of the most inportant functions 
required of project management. It is an attempt to keep the 


contractor's expenditures on the project within the limits 


Obeatbe money, to be paid to him by the client within the budoees 


andeplans established at the start. of, tie comtract..  °iradi- 
tionally. cost control in the construction, industry ac nor 

° ° e ° . . WwW LZ 
received the attention that it has in other industries 


Many of theless technically-minded contractors are content, to 


await the end of the contract before determining whether there 
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a positive or negative difference between the price for which 
they offered to do the work and the cost of it to themselves. 
SOMeltairms rely on recapturing construction losses in this 
PeGpect by —SuUbDMLLting. Claims, Conthe client, for additional 
moneye 

Cost econutrole nas two main purposes. First, and most 
important, the cost control system is used to draw attention 
to operations which are proving to be uneconomic to the con- 
tractor, secondly, .the cost control system can supply feed- 
back information to the estimator who will be responsible 
161 pricing tenders in ithe future. "Our main concern here is 
with the first purpose of the systen. 

The cumulative cost curve based upon the project sche- 
dule, can be used not only to predict the expenditure over 
the *pertiod of "the “project ‘as disctssed*in thevabove section, 
but also as a standard against which actual expenditure can 
be measured and analyzed. This means that the cost estimates 
will not@beé*related *to*%accounting *time@-pertods; but" to" the 
work which is to be accomplished. 

WIthVEhts acelivity criented project*cost* control systen, 
Management is supplied with a three dimensional budget. 
AGtGal *costs “can "be ‘compared "not only "with "the*budget” cost 
for the time period but also with the estimated cost or 


valuation of the work performed to date. Figure 2.7 illust- 
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FIGURE 2.7 THREE DIMENSIONAL PROJECT 
CONTROL GRAPH 
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rates this concept, the three axis of the graph are the 
budgeted cost, the calendar schedule, and technical work 
forecast. 

PAgire 2.0 portrays this varlance concept on a two 
dimensional basis. Not only are the costs to date compared 
with the budget but they can also be compared with the valua- 
tion of the work completed to date. Thus the comparison 
takes into account the fact that actual progress may be ahead 
of or behind the original schedule and any difference between 
these two figures is a realistic measure of over-or-under- 
expenditure which has occurred on the project. 

By using the three dimensional system for measuring 


progress, management can pin-point areas of trouble. 
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eharges have been accounted for and removed, over 


expenditure can be readily attributed to inefficient work 
Naot ts aot the) construction crews ‘or to uneconomical practices 
of completing activities ahead of their optimally scheduled 
dates. 

The major benefit of using activity costs and the time/ 
cost model is that the forecasts of project expenditures are 
accurate. Furthermore, this integrated system does in fact 


intevrate sthe schedule and cost. control functions of project 
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management. Because the system is activity oriented, manage- 


ment is alerted to problem areas at the earliest possible time. 


Agtind ty Cost. Cont 7 od. 

The last benefit discussed here, which derives from 
using integrated network analysis on construction projects is that 
Management can determine whether any given work package or 
activity was exceeding its time and/or cost estimates. If 
an activity does show a deviation between actual time or 
cost and the budget, management will be alerted to investi- 
gate the cause and to take remedial action if necessary. 

the maion problem in using the activity concept. for 
project cost .control is the same one found in present unit 
Sos tron trol mactice. This problemas the wdiftficulty,awhich 
arises in measuring the portion of work completed or the 
work in process. if at. the, end ofssthe, costine period an 
activity has progressed to "somewhere" between event points, 
only a few sophisticated and expensive measuring system can 
pPin-peint actual vnrosress). 

However the supervisor who is responsible for the work 
of the activity could fand this: vintesrated system ofymore 
benefit than the traditional unit cost system generally in 
use today. This traditional system has two major shortcomings. 
Firstly, as stated above, the present system leaves much to 
be desired where measurement of actual work completed is 
gatiicnit. sthere ic. no ditfiicuity in measuring the, yardage 
of concrete placed in a particular form, yet measuring the 


amount of reinforcing steel placed in a particular form prior 
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EOvthe completion of this’ reinforcing steel installation 
operation could be yery ditttcult and time consuming. <A 
percentage guess by the cost technician is usually used to 
obtain such figures for the weekly cost report. With such 
inaccurate figures, the cost reports can become meaningless, 
and lead to a breakdown in control. 

secondly, the traditional unit cost: system does not 
provide the supervisor with a very manageable planning base. 
The only target that he is given ie the estimated unit cost. 
gierervort  requiredstovattain thie budgeted “unit cost.-or to 
bring expenditures back in line with the budget is dependent 
not only upon the work content but also on the total number 
of units upon which the unit cost estimate was based. That 
is, less expenditure on a job consisting of building 100 
Square feet of formwork, would be required to reduce the pro- 
Vectsseunltiecogc yor formwork from Silvio per square foot, to 
Sa,.0S if the total pro ,éct. required 2000 square feet of form- 
work rather than 1000 square feet of formwork. 

What the time/cost integrated system does give the super- 
visor is a firm target estimate for each activity. Knowing 
the time and cost expenditure allowed to complete a job en- 
ables the supervisor to plan accordingly. Since the super- 
visor will have helped develop the time/cost network and 
accepted it°as being realistic, a cost report showing insuffi- 
cient time and/or cost to complete the job will indicate that 
the completed work of the activity was done inefficiently and 


that a better effort is required in completing the job. 
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CHAPTER III 


THE PROCEDURES AND THE INFORMATION INPUTS AND 


OUTPUTS OF THE NETWORK MODEL 


In Chapter II the CPM network model and the financial 
planning and control information which decision-makers in 
project management can obtain from such a model were dis- 
cussed. However, in order to obtain the maximum benefit 
from this model, the information requirements of the model 
must Me properiy satisfied, ihis chapter will discuss the 
informacion requirements of the network model, the procedures 
Pome Lossapp lication, £O Construction projects, and the 
model's Pe eay information outputs. 

When discussing a management system such as network 
analysis, the environment in which such a system will operate 
is of great importance. We shall consider that the integrated 
network system would have to be implemented into an existing 
organization. Here a number of traditional planning ana 
Contino wes traetures will already exist. “Such structures would 
pic liudeslhertaut it tarrdivisnion of types of Labour (e.2.). pro- 
duction, management planning, accounting, and engineering) 

DY departments or operatine divisions; fiscal control sys- 
tems and accounting procedures; and other technical and 


peer : P 1 
administrative planning and control structures. Where such 
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Sune mLOnallyeor tented organization already éG€xists, it, will 
exert an important influence on the environment of the new 
management system. 

The method eas to identify the various information 
requirements is to classify them according to the stages of 
analysis and application of the network model. These stages 
can be briefly stated as Por loweee 

(Cl) ) Bistininue and project analysis. Here information 
is needed (a) to identify all the activities re 
quired to meet the end objectives of the project, 
(b) to show complex interrelationships or con- 
Straimts between, these activities, including 
Organizational and technical interfaces, and (c) 
POspiecc2.ct lie, Outcome a ne time and. costs, of 
executing all these activities with a reasonable 
degree ofrcertainty.. Thesoutput of this stage is 
a metwork pian (Cdeterministic’or, probabilistic) 
with time and cost estimates. 

(2) “Scheduling. Here information is needed to "“opti- 
mize" or allocate limited resources in the best 
possible manner between activities, for the execu- 
tion Of pebeartan. The output fof.this stage isa 


dated schedule of activities and use of resources. 


Said M. Arafa, “Accountine Information £67T* Planning and 
Control Models: The Case of PERT and -Critical-Path- Method", 
(unpublished Ph.D. dissertation proposal, Department of 
Business Administration, University of California, Berkeley, 
Leo 2 pp. 14-15. 
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resulting from comparison of actual data accumu- 


Implementation. 


Review and updating. 


Here actual data, 


are collected) and accumulated. 


especially cost 


Here feedback information 


lated and the original plan (and schedule) is 


needed to update the program under conditions of 


(3) 

data, 
(4) 

change. 
65) 5 }.Controls 


deviations from the original progran, 


precisely from the standards that make up the pro- 


gram, 


Here information is needed to point out 


ore 


in relation to the end objectives. 


Figure 3.1 shows the various stages of analysis and 


application of the network model that are outlined above. 
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Estimating and Pracing 


Although not mentioned above, the first stage of pro- 
Pectlmanagenent could be sdentitied as’ the estimating and 
bidding istase. “This stage dis shown in Figurey3.l along with 
Envewotver stages’. Table 3. outlines, the information inputs, 
the procedures, and the information outputs of this stage. 

"Often, existing estimating routines are fundamentally 
incompatible with the integrated-project management approach, 
and must be carefully modified and correlated with it to 
achieve valid resource estimates".> This does not necessarily 
have to be the case, although the basis for traditional prac- 
tices may have to be reconciled when activity estimating 
procedures are used. 

the traditionaisconstruction estimating and bidding 
practices have been developed because of the demand for pro- 
posals by owners (most government departments specifically 
request unit prices to be included in the bid sheet to be 
used for calculating payment for work extras added onto the 
contract),i)andythe, organization, of the departments respons- 
ible for estimating and bidding. Estimating is almost al- 
ways performed by a special department responsible only for 
eetimetine contract prices. "Because of thie existing sit- 
uation, estimates are prepared for the purpose of being 


awarded the contract, often with very little thought being 
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BABLEMS, 7 


THE INFORMATION INPUT AND OUTPUT AND THE 


PROCEDURES OF THE ESTIMATING AND PRICING STAGE 


Information Input 


Cees CO tO ba 


Procedure 


ie. 
tae 


engineering specifications 
engineering drawings 

nistartcahsuinme toast odata 
material price quotations 


sub-contractor bids 


take-off unit material quantities 
price material quantities 

(Ca¥ labor costs 

(Die “me terdal costs 

(c) equipment rental charges 
€xtend material quantities by unit prices 
Sum material costs (direct costs) 
calculate general expenses 
calculate construction fee 


total direct costs, .pseneral expense, and construc- 
CLONY TeG sto e¢dual bid price 


Information Output 


i & © NHN 


SOUETOGE eb Dk ce 

Piet. or materiale redaduired for. contract 
Piet. of all “unit prices 

sub-contractor prices 


summary estimates (by work package) 
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given to the complicated problem of project management once 
PUe Com te acty is “awarded. However, tits "need “not present a 
serious problem in reconciling the two systems (unit costing 
and activity costing) providing the personnel problem of 
integrating the functional divisions is bridged, since both 
the estimate and the network model are initially based upon 
normal costs with work being accomplished in normal time. 

The traditional method of cost estimating involves the 
take-off of material quantities from the drawings, assigning 
uUnnati prices to these quantities, extending them, and summing 
these to-arrive-at the-total-direct-cost™~for the project. 
Fieure 3.2 shows an example of the development of a bid price 
as just described. Where sub-contractors will perform the 
work, only the sub-contractor's price is inserted into the 
estimate. Io arrive at the total project cost, an estimate 
Oli the indirect cost isMadded ‘togsthe wotaledirect cost. 
Figure 3.3 examplifies an indirect cost an general expense 
estimate sheet. 

To employ an integrated network model to assist project 
management, Lest estimates must be assigned to individual 
Scrivities orto work packaves. “Ihfts” requires one of two 
things: either (1) the complete network plan is constructed 
duxing the estimating and bidding stage or (2) the estimate 
is} prepared and recorded@in such a way that; later, costing 
of activities is simplified. Treviiece csroute pms impractical, 


at least in North America, due to the limited time allowed 


for estimating and, because only a maximum of about 20 percent 
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Of s Contractor's bids are suc aese rules. it would prove un- 
economical. (Note: this procedure would be followed by some 
firms when bidding on large and more complicated projects.) 
The second procedure appears to be more practical. It is 
felt that an estimator could recognize most of the divisions 
between probable network activities and by a careful take-off 
of quantities in small packages would enable activity costing 
to be accomplished without much difficulty. 

Another point is that each construction project is 
individually unique. However, rigid estimate work sheets such 
goatee owown 11 eapire 3.2 and 3.G would tend to have project 
personnel categorize the projects. A more flexible system 
of work sheets would allow each project to be treated in the 
Most. tavorable way, for later activity costings and thus pro- 
ject. control. 

The procedure for estimating indirect costs and then 
tncorporating then. into the network model is much simplier. 
These costs are ususally estimated on an activity basis which 
can be directly inserted into the network. For instance, 
SUDELVISiOn costs, will vary directly with the project duration 
and one activity from the start event to the end event will 
serve for the purpose of managing this item. Thus, with very 
titi bevextravettort.. thevestimator, during the estimating 


and bidding stage can develop cost estimates which will serve 


Private communication with Glenn Fraser, Poole Construction 
Limited, Edmonton. 
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both for the purpose of baddaing, the job and later on for 
developing cost work packages for the network model. 

in it ndis system both the estimate and the cost work 
package prices are dependent upon unit costs. These unit 
costs can be fed into the system from the historical account- 
ing records. And, since once an activity has been completed, 
the accounting department has both the costs and material 
Uotts uVvolVved, On Trecord, the unit costs’ can be shredded out 
by accounting techniques to maintain the traditional unit 
Cost records. ‘Ihe ‘only additional requirement of the account- 
ing department may be for a more finely catalogued set of 
NUttecoet LEecoras DULL this; will notenecessarily be so for 
the contractor who already operates A sophieticated unit cost 


control system. 


Planning and Project Analysis 

The next stage of network model analysis and application 
Jee pian eneeand proyect analysis, GReterrine to Table 3:2 
we can describe the information inputs, the procedures, and 
the informatiiom ioutputs of this stage. 

The first step in establishing a network-based manage- 
ment system is to identify the project objectives. The 
identification of these objectives in terms of end items is 
the starting point for network Theda The work is broken 


down into standard units of work below the project level. 
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TABLE Bae 2 


THE INFORMATION INPUT AND OUTPUT AND THE 
PROCEDURE OF THE PLANNING AND PROJECT 


ANALYSIS 


Information Input 


- engineering drawings 
€ensinecring epecificattonus 
.- work breakdown structure 
unit and activity time data 


Sarit andractivity  cosi dara 


GO UU & W HNO 


. expected environmental conditions 


Procedures 
aweedentitytactivities 
~ “Show actCivity) interrelattonships 
~" Show acCCiVity constraints 
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a. “asSsSicn activity durations 
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Jericalculate@eritical) path and activity float 


Information Output 
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This work breakdown continues to successively lower levels 
Uncidy the vsize,. complexity, “and dollar values of each level 
teea,workable planning and control unit. This indentured 
work breakdown structure is the most important single plan- 
Dane structure, because 1 not only establishes the project 
objectives but it provides the framework upon which all 

of the other planning structures can be poevedaceaus 


Figure 3.4 shows an example of a work breakdown structure 


Power 

Station 
Boiler Turbine Coal Cooling Water 
House House Handling Plant System 
Cooling Condenser Turbine Building 
Water Foundations Blocks Foundations 
System 


concreting u 

work formwork 2 
packages Stceelet.cine aS 
4 


prestressing 


FIGURE 3.4 WORK BREAKDOWN STRUCTURE FOR THE 
CIVIL ENGINEERING WORKS OF A 
POWER STRUCTURE/ 


ArCnioDaAlLGoand VitlOria, OC. (Cll. bs "2 . 


Andopted trom Pidtierk doce cit... p. 2238. 
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for the civil engineering works of a power station. 

In the above example, the project end item or objective 
Pe eevee power stati one and represents, the, top, level of the work 
breakdown structure. The fourth level, platform, columns, 
jiserts.,, pase plates, ete.,. is the end item subdivision of the 
work breakdown structure. Each item here represents a 
Novizoutal. segment, of the total proyvect™ and these go to 
forme Che seirst  planuning structure, the idst of activities 
which must be completed to erage the project objectives. 


Figure 3.5 represents the part of a network which includes the 
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FIGURE 3.5 PART OF A NETWORK DIAGRAM SHOWING 
THE END-ITEM, SUBDIVISION, COLUMNS, 
FOR THE PROJECT ILLUSTRATED IN 
FIGURE 3.48 
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activities making up the lowest level end item subdivision. 
Every activity shown, ene ree two in this example, 
contributes towards a work package and each work package, 
and re each activity, contributes to the end itim sub- 
division. The work packages are listed at the bottom of 
Figure 3.4 and numbers (in square boxes) corresponding to 
them can be referred to in Fisure 3,5. 

The Jontly criterion for a particular Level of break- 
down is that it satisfies management's need for sufficient 
VilDawety Ome Lanning control, Factors affecting this 
choice include (1) the complexity and time span of the 
program, (2) the magnitude of resources such as cost and 
manpower used in the program, and (3) the project's internal 
Management and thus reporting requirements, 

To complete the activity list, the planners would 
assign resource estimates (time, dollars, and manpower) to 
each activity. As discussed in the analysis of the 
estimating function, the dollar estimates can be obtained 
directly from the estimating work sheets, given that the 
final indenture level of the work breakdown structure was 
recognized and considered during the estimating stage. Time 
and manpower estimates will be derived through an analysis 
of the project estimate as well as through reference to 
historical records and discussion with the project's super- 
visory field personnel. 

Next, an event list would be prepared. This list 


would include those milestones and interface events, usually 
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referred to as network logic, which would govern the 
scheduling of certain activities. For example, a 
contractor may want to complete all concrete work prior 
to winter or in the case of a building, the owner may wish 
he leccnpy ia portion-of it at some early date prior to the 
total project completion. 

Figure 3.6 shows the activity list and associated 
estimates of time and labor cost that would be prepared 
for the simple construction project, building a house. 
Because of the simplicity of this project, the work break- 
down structure has only one level, the end objective of the 
project, the house. From this the planner proceeds to 
prepare the list of activities, each activity's immediate 
predecessors, and estimates of activity durations and 
expenditures. Again, because of the simplicity of the 
example project, the event list has not been prepared. The 
only events of major consequence for this project are the 
start and finish events. With these two lists, the planners 
can construct the network arrow diagram easily. Figure 3.7 
shows the network arrow diagram for the housebuilding example. 

The next operation to be performed in this stage is 
the network time analysis. After completing forward and 
backward pass computations, slack computations and ident- 


ification of the critical path (refer to Appendix B), the 


This example has been adopted and revised from Ferdinand 

K. Levy, Gerald L. Thompson, and Jerome D. Wiest, The ABC's 
of the Critical Path Method, Harvard Business Review, 

Sent. — Oct... £963, p. 25-108. 
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planner has a "free floating" or non-calendar related 

plan of the work to be accomplished. This plan. contains the 
output information of the second stage of analysis, which 

in turn will. be fae into thesthardsstaces scheduling. 
Shown in Figure 3.6 are the results of the initial network 
analysis, including the earliest activity start, the latest 
finish, the Gears seni oy floaty rand one Level of crit- 
iGality of “each activity. 

Table 3.2 indicates the Doe requirements of 
the project planning and analysis stage. They include 
environmental information, Ba ee drawings and speci- 
Peete eLone, sAClivity tame and cost data, and cost anformation 
developed during the estimation and pricing of the contract. 

Four main sources of information are available to the 
planners developing the network diagram. First, the 
engineering drawings and specifications indicate what the 
Pingsned Hrouuct 1c. to be, what “Lt aseto be built of, and, 
Pechnically, show It "is to be! constructed... Erom these 
documents comes most of the information to prepare the basic 
aclivity anu event tists, Cther antormation for. these basic 
lists would usually be found in general information about 
the environment of the project. Such information would 
include the weather, the terrain, the local labour or employ- 
ment situation,. etc. 

The second information source is the estimating and 
pricing work sheets. These sheets contain all the data 


relating to the quantities of material required for the 
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Project, the unit) prices of Pabour, materials, and équip- 
MeENntCwEChtal,, and the cost sol alivsub=contract work. Using 
these quantity and cost figures, the planners can back into 
actlivity costins. as described earlier, 

The third information source is the records of 
historical activity durations, costs, manpower requirements, 
CET ETL oMepreveous contracts. ‘This “data “is kept in the 
Sane Mannermas~ ithe woitecost datas keptyfor pricimgs» Any 
Bevtivities which are similar in whole or in part” to”’’act- 
ivities completed are allocated durations, costs, and man- 
power and equipment requirements based on these historical 
records. 

TUeNLOULLID mason (SOunce. Of inhormation which is used 
in this planning and project analysis stage is obtained 
through the process of estimating based upon "first 
principles". The activities are broken down into smaller 
component parts and then based upon standards of performance, 
or predetermined work standards, characteristic of the 
company, each component part is analyzed, assigned a value 
(time cost, etc.), and then the values of these components 


are summed to arrive at the required activity variable. 


Scheduling 


The third stage of analysis and application of the 
network system is the scheduling stage. The procedures and 
information associated with this stage are outlined in Table 


3.3. After the network model of the project has been developed 
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TABLE: 315 


THE INFORMATION INPUT AND OUTPUT AND THE 


PROCEDURE OF THE SCHEDULING STAGE 


Information Input 


EL, anetworkipian “Sorcluding ime tand’ cost ‘estimates 


Z. . Critical path, earliest istarti and ates finish 
times and’ float 


Chk Diet of Gl iat ed resources 


4. activity time-cost relationships 


Procedures 


1. optimize network plan with respect to time and cost 
2. allocate and level limited resources 


Bas date schedule 


Information Output 


‘ dated schedule of activities 


. haictavityy tame? and ‘cost estimates 


- equipment utilization schedule 


Z 

2 

3. manpower utilization schedule 

4 

5. schedule of project expenditures 
6 


lo cash flow forecast 
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in the planning and project analysis stage it must next be 
"converted" into an optimal timetable or schedule to guide 
Heatiacenent tin icarrying out whevproject. This requires that 
the planner integrate into the system a more rigorous time 
assessment in terms of actual calendar objectives, and 
neepees ae" 

To begin with, planners must consider the level of 
effort and resources needed on any activity to achieve the 
best possible mix consistent with project objectives. This 
is exemplified in the direct cost/time relationship shown in 
Ereores 72.1 eouldics 26 iLhe duration) of ian activity canbe 
varied by changing the level of direct resource investments. 
The ultimate goal of this exercise would be to determine the 
project's optimum duration, shown graphically in Figure 2.4 
and discussed in Chapter II. 

Besides finding the optimum time/resource investment 
mix, planners will use time/resource planning to show limit- 
ations imposed by allocating fixed or limited resources. 
This aids management in avoiding tnworkable manpower "peaking", 
overuse or underuse of facilities, unrealistic dependence on 
material from external sources, etc. 

Once the scheduied duration. and cost for each activity 
has been determined to yield an optimal scheduling solution, 


a network baseline date is assigned to the start events. In 
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some cases, work may already have commenced on the project 
and here the current date would be correlated with the work 
Progxtess \Ofmphe various activities being performed. This 
now permits calendar dates to be assigned to each activity. 
Those activities On the Critical oath will have zero slack 
while all other paths will have varying degrees of positive 
slack. 

Along with the network start baseline date, other 
externally impose or directed start and completion dates 
may be assigned to the network. Such dates could include 
one for the event constraint of completing concrete work 
prior to winter that was illustrated above. Another common 
externally imposed date is the completion date required by the 
owner. 

In this stage, for the house building example discussed 
above.) (rerereto ricires 3.6 and 3.7/7) the planners calculated 
Lie cost L<unction tor euch activity... , fhen on the the simplified 
basis that the indirect costs were $60 per day, the schedule 
was compressed until an optimum cost ard duration was obtained. 
Figure 3.8 shows the resultant project cost curvefrom the 
schedule compression analyses and Figure 3.9 outlines the 
resultant optimum schedule based on a start date of August 4, 
1970. The scheduled durations and activity costs are also 
illustrated on the final network diagram in Figure 3.10. 

Now management has a schedule consistent with the time/ 


cost objectives of the project. It also verifies the 
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practicality of the scheduled use of resources, manpower, and 
funding. Besides the calendar dated schedule, management will 
construct manpower utilization schedules, equipment util- 
ization schedules, a schedule of expenditures and from these 
anil the progress payment agreement can readily compute the 
Caan t10w forecast Tor the provect. miacume..o..cL, shows the 


schedule of expenditures for the house building example. 


The information required by this scheduling stage is noted 
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in Table 3.3. First, the time analyzed network plan developed 
in the first stage, and discussed above fulfills the major 
information need of scheduling. 

The other information inputs include lists of limited 
resources and the individual activity time/cost relation- 
Sitios. the lasts, of limited resources would "consist of. the 
availability ayes sie by trade class, over the duration 
of the project, as well as any requirements or limitations of 


financing money. This latter requirement would be dependent 
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upon the financial position of the contractor and/or the 
timing of progress payments with respect to project 
expenditures (the cash £low). 

The activity time/cost relationships are derived from 
the cost wdunctions of the waviouswsactdyitbes.,. These, as 
discussed in detail in Chapter II, receive their input 
information from the estimating and pricing work sheets, 
Ngee omioakl cost. Neports, and/oreLtrom DGirst principle’ 


GCatcuLat tons. 


Implementation 


The fourth stage of analysis and application of the 
network model is the implementation stage. The basic re- 
quirements of this stage are outlined in Table 3.4. Once 
a schedule, consistent with the time/cost objectives of the 
project, has been developed, management must finalize the 
system so that it can be used to present current status 
and outlook reports complete with time, manpower, and dollar 
costs. 

The chart-of-accounts structure will be dictated by the 
work breakdown structure, as portrayed in the network model, 
and the project estimate. This establishes the classifications 
of accounts for which costs will be collected. 

Since construction projects are unique they each require 
a Wridue accounting structure. This structure; must be re- 
established for each new project, so that the pertinent 


information required for management decisions will be properly 
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TABLE) 324 


THE INFORMATION INPUT AND OUTPUT AND THE 


PROCEDURE OF THE IMPLEMENTATION STAGE 


Information Input 


a) waCttal tield data 
(a) time sheets 
(b) material requisitions 
(c) equipment usage reports 
wage and equipment rental rates 
. material costs 


record of work completed 


Ot be Com 


wirbield enpimecrines .quantity reports 


Procedures 


hes actual data is collected and accumulated from 
field reports and records 


Information Output 


ln actual activity and project-to-date durations 


2. "ACtval activity and project —-Lo-aate costs 


54 


age 

= (4) . 
eixr0qet opnee a {3} - ie . 

asda? canaries fee bas orm as 

| * airy taitstem ie 7 


bodehigans. #04 ie brosen chs 


a2usge2 yahoanes garvoonhgne bier = - cn 


. | ‘denundad He 


geort tetoldeuvnse has beteatiow a1 atah feavon ha 7 iy J 
abrene® hay tah ts oteth) aa : 


aobbstudopes takes 


~~ 


‘Wandiniv’ »te6-es-tanterg En gat tee 
et¢e5 eteb- scene be as 


7 ate | : 
Tn - Cie hue . 
’ 7 iy 7 


Ses 


presented. To accommodate this requirement of the chart- 
Ot-accounts, the accounting structure must be dictated by 

the project work breakdown structure and the project estimate 
for each individual project. In addition to the cost- 
accounting requirements of the project itself, there will 
usually be a number of other accounting functions not directly 
related to project requirements which will be served by the 
chart-of-accounts. "Project cost-accounting requirements 

can usually be satisfied by assigning a discrete cost account 
number or ‘charge number' to each identified workpackage 
element in the project. These should be cross-referenced 

to the company accounting eeyecit by appropriately coding 
the charge numbers. 

With the accounting structure established, the reporting 
structure can be defined. The management reports structure 
is the culminating objective of project planning. The work 
breakdown structure provides the basis for summarizing infor- 
mation to report to project management. The project organ- 
ization specifies the recipients of the reports and their 
information requirements for decision making. The chart — 
of-accounts structure determines what information the reports 
Wil. contain. 

We must remember that the network system cost outputs 
are not accounting reports as usually defined. Rather they 


are project-oriented cost reports which give visibility to 
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relate resource expenditures to time schedules for project 
Status and control. Since the integrated network system is 
designed for managing, ft ‘can periodical lyitaccept. current 
data such as activity completion dates, actual resource 
expenditures, or revised estimates. The collection and 
accumulation of this current data jis’ the major procedure of 
the implementation stage. 

Data from various field reports is collected, summarized, 
and put into management report dun: Tinks data tite tbe 6Ca) 
direct manhours and associated costs for each work package, 
(b) other direct expense items (e.g., materials to be applied 
to the work package), (c) various codes as needed to further 
aqtirerentiate "the "data Yand/or assist Itits Fool le dovomerby 
departient )SiincttiorP labowr classificatwonjpretoup-and 4¢d) 
estimated or committed subcontract Pee ese The sources of 
data would include field time sheets, material requisition 
forms, and equipment log books (and operator time sheets) 
as well as the work completion records and quantity reports 
prepared by field engineering. The information on these 
source documents would be extended by current wage and equip- 
ment rental rates to arrive at actual activity time and 
resource expenditure figures which could then be compared with 
the plans and schedules for purposes of conducting the two 


remaining stages of application of the network model. 
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Review and Updating 


The next aspect to be analyzed is the review and up- 
dating Stace, summarized) int Tablens.5°) Meedback information 
resulting from comparison of actual data accumulated and 
the original plan and schedule is used to update the program 
under conditions of change. These plans must be continually 
analyzed, evaluated, and modified as progress is made, and 
management gains additional insights into uncertain areas. 

in the stheutlling stace, ied project ii analyzed by 
checking the network against known schedule and resource 
constraints. This procedure balanced the resource allo- 
cation, scheduling, and slack time distribution and validated 
the work breakdown structure and the anys ae a Now manage- 
ment must take the Bo aa schedule and continue to apply 
the same procedures and evaluation techniques to it through- 
out the projects duration. "To be effective a plan must be 
pepe ee This review and updating subsystem is designed 
to allow management to follow changing circumstances and 
evaluate quickly the information needed for control decisions 
as described in the following section. Consideration is now 


given to the effects of actual accomplishments and experience 


la “J. Rawle, "The Rieht Order of Thines -— Network 


Analysis," Modern Industrial Management, Ed., S. B. 
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TAB eso 


THE “ENFORMATION "INPUT: AND “OUTPUT ‘AND: ‘THE 


PROCEDURE OF THE REVIEW AND UPDATING STAGE 


Information Input 


ie dated and cost schedule sof activities 
2. schedule of project expenditures 

30% cash .flow forecast 
4 


weractuabtactivity and pxuoject) to date resource 
expenditures 


n 


material delivery and equipment status reports 


revised drawings, etc. 


Procedures 


Peercompare actual accumulated data with original plan 
and schedule 


2. if deviations exist, update the plan and schedule 
Lo .2ocount Lor deviations 
Information Output 


1. updated, revised schedules 


2.-*‘updated, revised budgets 


wen bo ‘i ae ‘ide an alga! 
‘hen thragae somtarg te odubiptts: state) Kt 


ig) Line adh dant, 5m 
9970 OME oin8 os son bong ‘fins a fave Uawion oh 


b keuweden, Bijou 
sAiSRMSINIE | 


SITONOT eHIRee ganMGt yp pe v) 
oT 
bat 


ania londgizo dttw efoh. belvmguansg fouuse ofeqeos:. 


atubsdoe hire 
ntobudas has dAviq¢ o#9 s7Hhqe Taino bgt darved a ae Ee 
, | | adektelyeb 492 Jnwooes od Jat sf 


YS oq ano ae 
silk ou gapaayeudbvas! os ihqe” aa 
megs ana jhstabdw: oP 


7 /' 7 i mae ne 7 beled 
se : | 0 a ney 1p? r , daa 7 iis iba I 


y oe 


59 


and to changes in project definition and objectives. Just 
as in the planning and scheduling stages, activities may be 
replanned or rescheduled, or resources reallocated on the 
baswsi ci. this arse eee updating process, often referred to 
aera icatnrenpaplannrine iv For Mustance pri pacdelay socctrs, 

say in the delivery of a piece of plant (e.g., an escalator 
fomta woudlidins), its effect on the project can be seen 
Siralent “awayaby prompt (updating. "lhe cratical math may 
have changed. Management must ai examine what can be done 
to make sup bforibost atime vei thereby lrearrangingathe i project, 
entaameleratins tsome tof the activitiesitom tthe critical path. 
With proper schedule updating the tendency for management to 
crash everything, when the project gets behind schedule, 
disappears. 

Besides enumerating resource expenditures which have 
already been incurred, the procedure also predicts (revised) 
resource expenditures to completion. This allows for a 
total effort to be made into current planning by management 
(schedule, budget, financing, etc. revisions). 

The sources of information for this stage of analysis 
of the network model are, first, the schedules and plans 
derived in the first two stages, and second, the actual 
accumulated and processed data from the third (implementation) 
stage. From these management sees what "should have been" 
(asispbanndd) andiswhat actually tide" sebActial ect tivity 


duration information is reported on the same basis as the 
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time attached to activities on the schedule: in terms of 
days or weeks, etc, Start) dndgianish information on 
activities, including expected material delivery dates is 
piven im calendar dates." "Cost information’ is! piven. in 
dollars ‘spent per activity or cost work package so that 
actual and forecast budgets can be compared and the fore- 


cast updated. 


Control 

In the sixth and last stage of network analysis, 
control (described Gn Table 3.6), information is needed to 
point out deviations from the original program, or more 
precisely, from the standards that make up the program, and 
the significance of these deviations in relation to the 
end objectives. In the control phase, management is con- 
tinually able to compare actual with the planned accomplish- 
ments. And because the actual occurrence of events and 
activities is reported, management can assess the impact, 
upon the project, of delays and changes. 

The central idea involved in using network plans is 
the principle of management by exception. The system will 
provide management with information on deviations or 
exceptions from the original pian. Such exceptions point 
out potential trouble areas in the project, and make it 
possible for managers to anticipate schedule and cost devia- 


tions. By knowing the exception areas, managers can direct 


Res OW swiuthie, Wed. cues, aa | . 


sores, ad? bina Seedwos. v4) nas ce i 


« Mei ' ‘us 


Siow I. parr gue fe why its ots Wet onl sake’ tuo Jakog © 
bee _pergotg ott qa vino tady ofyehyete ony mem thestoang \. 
4d3 a9 aotialery Ai rrmbsehvet Seats: te ere te | 
fi She : 
“ate #2 Jaonmssenam , vaty bouwsnep eds of eesbseweea baa ; 
—~iniiqagesn beanely ada adie Eau dne a teepants ot ets, ektawakg 5 - 
b ; . ve , vy a 

1h Bios Io sgistogase AeVIom ots equleoed bak nn | " 
»feaqek oi aceonn ana anne at henna ad ata “< 
‘eaunbaiks bas opel Xe <towtora) edaynegt - . 

oP 

#- 


eh pools JruvI in yHdde + ara ee ial 


d 
ep aie edt a ned: | 


PA ee Ps ‘he 


or ay 7 Pay Nay)’ 
ae ee ‘ow celine 
. a ee So) a 


a ee 


ly Pe 


TABLE 3.6 


THE INFORMATION INPUT AND OUTPUT AND THE 


PROCEDURE OF THE CONTROL STAGE 


Information Input 


é datediand teos t isicheduwle.0f activ ties 


uy 
2. schedule of project expenditures 
a4, Cash flow forecast 

4 


~— S2ChUurlesctayvyily and proveme ito date resource 
expenditures 


5. material delivery and equipment status reports 


Procedures 


1. compare actual accumulated data with original 
plans, schedules and budgets 


Information Output 


1 .va echiedulies ( time)! variances 
Ao wabuccet. (dollar) variances 


3. resource (manpower and equipment) variances 
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their attention to where it is most urgently needed; the 
potential trouble areas. Valuable managing time is not 
wasted on checking the smooth-running operations. 

inis stase of network: application specificaily 
presents managers with the time, cost, and manpower perform- 
guce lo dace, compared with thespian. Ihis could include the 
time, cost, and manpower forecasts to the completion of the 
project. As with the last stage, review aoa upcatane., the 
information inputs into the control stage or subsystem are 
the information outputs of the first three stages of network 
unelyeis and application. The actual, data’ is. received from 
the implementation stage for comparison with the established 
standards; the schedules and plans of the planning and 


scheduling stages. 


Summary 


This chapter has dealt with the general information 
requirements and outputs and the procedures of application of 
the integrated network model. Now the discussion will turn 
to the specific information required by the model which can 
be supplied through the accounting system of a construction 


firm. 
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CHAPTER IV 


ACCOUNTING INFORMATION 


The accounting information system is charged by manage- 
meu Wetn providing financial information for all levels of 
decision making. If this information is to serve project 
managers effectively, it will have to be broadened beyond 
the confines of historical data to include all areas of the 
firm and the future. The integrated time cost network system 
offers a challenge in this rector Since wlaaine ac iInte- 
grating planning, scheduling, budgeting, and accounting 
information. This system offers the manager an excellent 
LOOln 7, OL projyece planning and control. (Inv addition to finan- 
Cial rTreportine both on the total cost. level and the indivi- 
dual manager's level, it offers appropriate information for 
decision, makine during both the, plannine and control phases. 

Seawae OnmeCOMLTADUCLONIVOl accounting,  torthe integrated 
Werworkascystens will fall broad) yacinte 19) the area (of 
accumulation and analysis of costs associated with work 
packages for purposes of planning, scheduling, and control, 
(2) in budgeting, and (3) in communicating summarized finan- 


cial data to top management. 
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Accumulation and Analysis of Costs 


Planning 

The primary use of accounting information is found 
in planning. The estimate or bid price which derives from 
the initial stages of planning (estimating was described as 
a separate stage in the previous discussion) is from some 
points of view the most critical if not the most important 
Sef Of 32 CONSETUcCtion project. ai the bid: price is too 
"high", another contractor will be awarded the contract. 
If it is too "low", and the project contract is secured, 
Management will have to tax its abilities to the extreme to 
economically complete the project and/or the project will 
be unprofitable. 

Once the units of material required for the project 
have been determined, relevant historical unit “eec~ ae are 
required to price the work. We can use the case of the 


columns shown in the estimate work sheet of Figure 3.2 to 


exemplify the accounting information requirements of the 


Many disadvantages exist in using dollar costs, expecially 
for pricing labor. Excessive inflation or deflation, changes 
in productivity due to a different work force or changing 
construction techniques and tools may have outdated the unit 


cost figures. It is suggested by some authors that his- 
torical unit hours of labor should be used instead of unit 
cost figures. For the purpose of this study we assume that 


the historical unit cost figures used in contract pricing 
are current enough to be applicable for the project under 
consideration. 


For the purposes of this study only one estimate method is 
weed. Refer, De Coster, uloes CitsnaPDo. 374718. 
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system. The quantities could have been grouped into smaller 
packages for easier insertion into a network diagram work 
package at a later date. Note that the esimator had used 
floor levels, seen by the numbers on the left-hand side of 
tliespage Vin Fiesnure S.2yto separate the columns of each floor. 
However, these were not sub-totalled during the estimate 
stage, ae procedure which would have’ later simplified ‘activity 
costing. Next the totals of each group have to be transferred 
to the summary estimate sheet shown in Figure 3.2, where 
PrLces can be “assigned to then. 

The prices, especially those for labour, are supplied 
through the cost accountings procedures. This requires the 
PGCULTCal*unttecos.tadaata storage to that which is tradition- 
alivemaintained by most econtractonms aisUnit costs are collected 
from completed projects and maintained on file, similar to 
the example sheet illustrated in Figure 4.1, and these are 
updated as reviews of recent cost histories warrant the 
revisions. Updating these cost records could include pro- 
vVieitons for adaptation to simulation models to arrive at 
expected future costs via non-linear projections. With the 
integrated network system being employed, these records would 
aie tCoOntain activity cont. deta for routine projects, which 
Could be usefal in costine a network for s similar praject. 

The unit prices maintained in the cost record would 
be coded and cross-referenced to the coded estimate summary 
work sheets. For example, a "Formwork" summary estimate 


sheet for the power house would be numbered three (3) while 
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ABC CONSTRUCTION LIMITED 


HISTORICAL COST RECORD 


3.2.2 Panel Wall Forms 


ay $/SF 
Project i Date Quantity Normal Above N. Crash 
CEGo it) Cost Cost Cost 
eas Basement 
E118 Lakefield Bldg. 10-12/68 re A § 3 zs Bye 2 
1,240 e320 - = 
E156 AGD Bldg. 1-4 /69 17,040 226 _— 
E174 Shopping Centre 5-6 /70 10,805 ip ar - - 
. 2&0 Grounds Level } 
Ei18 Lakefield Bidg. 12/68-5/69 11,652 awe os 4 - 
E156 AGD Bldg. 4-5/69 1 hk ey shee pk oa) e outa 
E174 Shopping Centre 5-8/70 24,491 ie - - 
. 3. Above Ground Level : 
E118 Lakefield Bldg. 4~-8/69 41,801 - as 4 = 
E156 AGD Bldg. aS /69--3)/ 76115200 <2 ta = 


FIGURE 4.1 AN EXAMPLE OF A PROPOSED HISTORICAL 
RECORD SHEET 
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any column formwork would be sub-coded six (6), and addi- 
tional numbers would im@eicater tives type or cClass?i ica tion 
of the formwork. Unit costs coded" S62" in: “the cost record 
would be for panel formwork for columns.” These codes will 
further integrate the estimate ffeures with the chart lof 
accounts "discussed later “inthis %clrapteri: 

The second phase of the planning stage presents the 
next use of accounting information. This is establishing 
activity durations and costs. nee the establishment 
of time estimates is not normally considered the responsi- 
bility of the accounting department, as a sub-system of the 
total Pio perme information system, accounting can easily 
Meaeicain NistorreaL "tine "records aor wieh Sere icosttdata: 
Management would, however, have to maintain the involvement 
Or tne Lielid Construction Superviaeors, Yr this “planning fune= 
tion. “With respect "to “activity costings the major’ requirée- 
ment, cost estimates, have already been prepared from the 
accounting records. The estimates can now be inserted into 
the work packages, as described in Chapter i22°% 

All the estimate values which refer to the columns have 
been coded 6 . By summing the estimate summary items so 
coded, and allowing that different columns may fall into 
different work packages, the work package cost is derived. 
For a project suchas the” power house the, columns’ ‘are large 
and have been individually treated in the estimate. FOr a 
conventional building, the columns would be grouped together, 


possibly by floors and thus aggregated into one work package, 
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Similaysto the situation 7itlustratedsin Figure 3.2. 

Indirect costs may be included in the network struc- 
LUre OMpadded ito .bhe etot al wcosteat the project separately. 
Financiing charges ena falieinwo ithe latter,classi fication 
while the maintenance of the field office would be repre- 
Semueca aby an, activity whthea duration .eqdual sto,.the .project ts 


GUureation . 


Scheduling 
Barer princip les Tequirvement, tor accounting. information, 
in pro pect scheduling, involves calculating the various 
4G bLVubypd Lrecth cost) Lunctions..¢ As ptated, ,eanliex,, these 
functions can be approximated by using the crash costs and 
the normal costs. The normal costs are already available 
since these were the costs upon which the estimate was based. 
Lie, cash .oositw ill shave stor bewcaiculated from his toni, 
cal cost, ficurnes. maintained, in «the accounts +, When »prnoject 
cost figures are received by the accounting department, 
they can be further coded, from the coding described above, 
to include whether the activity was performed under normal 
Or crash scond Lions, ~sliLsy Wiel lal low the secords, to, reflect 
both normal and crash costs and simplify the calculation 
of, the witect .costyiunctions.,; »bn the .example cf the house 
building project discussed in Chapter III, the normal cost 
of framing the house (activity 80-88) is $124 and the time 
reouized, todo. the. job..is.stwo ways. » However .».ithe activity could 


bie. completed, im ionée, day, bute-at a cost of-.5176..°-This yields 
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176-124 


pT = $52/day with a maximum 


a cost/time function of 
time reduction of one day available. 

The,indirect cost, functions, are, directly,obtained from 
the estimate; the general expense items. Since these func- 
taons,vary,directiy with, the. projects, duration,, or involve 
a fixed lump sum cost, they can be readily specified for the 


optimum project duration simulation. Figure 3.3 showed an 


example of a general expense summary estimate sheet. 


Control 

In order to control the project work, management must 
establish a standard against which performance can be mea- 
Sured and; interpreted... The work packages. formed at. the 
lowest level of breakdown, then, constitute the basic units 
in the system by which actual costs are (1) collected and 
(2) compared with the estimates for purposes of cost control. 

For cost control, the standards are the estimates of 
cost used in deriving the optimum projet duration. Those 
activities to be completed in normal time will reflect normal 
cost estimates while activities to be completed in less than 
Do Ties str tes Wa Wile ben pad cede aitear Cost. oreatiers than» normal, cost. 
Thee Standard. t oricost,control,afor, each. actdviaity or,workppack-— 
ave wiht Yerlect the expected activity duration. 

With the work package cost estimates and the project 
schedule, accounting can derive the cumulative time cost 
CUryeieas. SOwn on, PaAowres. Je O..end.3 .dd4-for. ther project: 


Thesesrurvess wild beavecd Tor project, cost control...» The back- 
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DOteCPOLeprO ;ecCECogt) toncrompssmcrer chart of accounts. . It 
estapdisnes the classifications of accounts for which costs 
willipe collected. In additionjto the cost-accounting 
requrréements offthemproject iteelf; there wifl*be a number 
Ot-otbher accountineg-functions-notedirectly¢related’ to project 
requirements which will be served by the chart of accounts; 
thesefother functions: often involve the largiersaccounting 
requirements of the omens | and will be discussed in a follow- 
ing section. 

Project costing requirements cam usualhy, be) satisfied 
by assigning a discrete cost account number, or charge number, 
to each identified work package element of the project. “Since 
it is desirable in many ways for-a ‘costing system to use a 
functional TO te Lom te the work packages and thus the charge 
numbers are normally arranged to suit this purpose. Figure 
4.2 outlines a coded chart of accounts for the work breakdown 
structure of the civil engineering works of the power house 
discussed earlier and shown in Figure 3.4. Each charge number 
(ecu comcretine 760349) has beenn coded to retlect functiona— 


lity. These would be used by the lowest level of supervision 


in controlling the work. Likewise each sub-item is given a 
code to reflect the level of aggregation of the work. These 
4 


Areniogid.and Villoria. loc. Git.) py au. 


Bilcheys«oblboe. eaitsnrr. cA3Ga1iGoustrmetioncarews (ame busuatlly 
determined by trade classification and accounting by func- 
tionality will allow other information such as payroll in- 
LOgmation to be readily derived from the cost records. 
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Coal 
Handling Plant 
1300 


Cooling 
Water System 
1400 


Cooling Condenser 
Foundations 


Turbine 
Blocks 


Building 
Foundations 
1240 


1220 1230 


Platform Columns Inserts Base Plates 
4233 L232 L263 
summary 
concréting 2684. pyabens 
work formwork 3216 charge 
packages Site Cllaeh xu pn aah 2 numbers 
prestressing 5671 


FIGURE 4.2 AN EXAMPLE OF A CODED CHART 
OF ACCOUNTS © 


various levels of aggregation would be used to summarize 
cost information for the various levels of management. 
Finally, all’the cost information would be summarized under 
the project end item, power station, summary number 1000, for 
overall project analysis by company management. 

The work package charge numbers shown in Figure 4.2 
will have been selected to also reveal other information. 
For example, the concrete code 2631 for the columns would 


first indicate the work classifications concrete (number 2), 


hime trom Pilcher, loc, cits, p. 238. 
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secondly the work item, columns (number 6), thirdly the item 
tdentaracation: (number. 3.1). lbssecnart of accounts is so 
coded as to allow integration with the unit cost figures fn 
thewitstorical account record. «Note that ,the same initial 
coding 26 has been used in the chart of accounts structure 
as that used in the estimate and the historical cost record, 
to classify conereting of columns. 

Now that the chart of accounts has been established 
and each work pac ige has been priced, a system must be set 
up for recording and analyzing the actual expenditure on 
each work package. As work items are performed, materials 
used, or equipment used, the costs of such services or mate- 
rials are,charged to the appropriate charge number. Reports 
are then prepared which compare the actual expenditure with 
the estimates at the level of the individual work packages 
and these reports can take into account. the actual progress 
on the work package in relation to time, so that as far as 


possible the figures are strictly comparable. Figure 4.3 


Activity Description Cost-Dollars Underrun | Overrun 
or er 
Work Package This Total to | Estimate| Forecast | Original} Est. jActual | Est. |Actual 


130-137 


137-146 


to 
Complete 


Period Complete | Estimate 


“Total 


Date 


| 


Excavation-W Sus Oly - $1307 $1460 1353 
Formwork i 
Wall W3+W6 $1784 $321 $2105 $1956 | | 149 


FIGURE 4.3 AN EXAMPLE OF AN ACTIVITY COST REPORT 
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shows such a report for the following example. Assume that 
the excavation activity 130-137 for a project has been con- 
pleted. The original estimate was for an expenditure of 
$1460. However, the activity was completed at an expenditure 
Gf 7c130/7. The difference between, the estimated and actual 
expenditure was $153. This is favourable since a saving of 
$153 was realized over what had been estimated and subse- 
quently budgeted for. The report would show this $153 as 

an underrun. simagiearily we can view an activity, for base- 
ment Wall W3-W6O which 1s only partially complete. , lene, 
expenditures for the accounting period just ended were $576, 
the total expenditures incurred to date were $1784 and the 
revised estimate of the cost to complete the activity is 
Soe ler am totalere=cstimated activity cost of SZ2105. This 
compares unfavourably with the original estimate of $1956 
for the activity and the $149 difference is recorded as an 
estimated work package overrun. 

Fomsthe project as/a whole -thertotal actual cost to 
date can be determined by surming the individual work package 
costs. These can then be compared with the value of work 
performed. This Aatter figure is not simply the planned 
expenditure to date, but is a figure calculated on the basis 
of actual work done to date. When this is combined with the 
actual time to date versus. the actual work done to date, 
management has a three dimensional control function. The 
Variables of this function are work completed, cast of work 


completed, and duration of work completed. Variance of this 
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curve from the cumulative time cost curve 


any direction will indicate the problem area, 


of, the wariance, will. dictate what, dnvestigation, 


required by management. 


graphically presented as in Figure 4.4. 
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This cost of work report can be 


Pt Can 


be seen that until November lst the contract was expending money 


at a greater rate than was budgeted for, 
$13,000 over the budgeted figure. 


present rate, the 


and it has now spent 
If progress continues at the 


sverall duration will be three weeks longer 


projected 
underrun 
$14,000 


projected 
schedule 
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than was forecast, but the excess of estimated cost over 
actual cost will amount, to $14,000. .The chain-dotted curve is 
an extentsion of the actual expenditure, curve, and. is,.the 
result of the re-estimated costs. The final point to be 

noted rom the report os thatatne work, Carried. out up, to 
November lst has cost $48,000 more than was estimated for it, 
but clearly this is expected to be recouped over the ensuing 


months. 


Iwo further useful reports stemming from the cost of 
work report are the cost outlook report and the schedule 
outlook report. These reports indicate trends in performance 
Teom pot tame wand Cost points. of view. © ihe witimate costs 
and duration of the project are projected by summing the 
actual costs and durations to date and the latest revised 
estimates of work not yet completed or started. These pro- 
jections aye then compared with the contracted cost and dura- 
fiAon for the project, to indicate; the amount of the expected 
overrun or underrun. 

The cost outlook report indicates the projected under- 
run Or overrun for the project and for the example just dis- 


cussed, would indicate that the present (November lst) esti- 
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mated cost to completion is $14,000 below the estimate. 
TUiseis sshown graphically in Bigure 4.5. ‘The sehedute out- 
YOok report indicates the progress of the work inirelbation 
to the schedule. For the same example this report would 
show the expected completion date to be 15 working days be- 
hind the original scheduled completion date, as is indicated 
ori eure, 4.6). 

These two reports show the trends of successive monthly 


Progece1oOnus Of total cost and duration. By relating these 
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FIGURE 4.5 AN EXAMPLE OF A COST OUTLOOK REPORT ® 


8 Ibid... op. 243. 
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FIGURE 4.6 AN EXAMPLE OF A SCHEDULE OUTLOOK REPORT 


trends to previous management decisions, the manager can 
access the impact upon the project costs and schedule and 


determine if the desired results had been produced. 


Budgeting 


Tie ema D tOOb.Os DUCCeL An Ge fOr tac ONS Tie’ Lom pL... C 
te the cash flow report. _ The, amount and timing of both 


expenditures and revenue form the basis of the cash flows. 
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PYver CURULAMEVe COs t Cur veo tne project plan, Figure 
2.6, shows the expenditure over time and thus provides the 
baais for the project's cash outtiow. The accounting depart- 
ment will also include special equipment purchase programs, 
timing of actual cash payments with respect to project ex- 
penditure.. ete. ani deriving -the (inal project's projected 
cash outflows. For example labour charges during the month 
would not represent a cash outflow until the date that the 
workers are paid, usually the end of the month. 

The cash inflows are next determined from 
the cumulative expenditure schedule and the contract terms 
for progress payment. It may be that work completed during 
a month will be invoiced at the beginning of the next month. 
Allowing ten days for preparing and delivering the contrac- 
LOreecLasgMy ror, payment “DLus Thirty days ac tie owners period 
Ormerace andmallowinge tor construction tees. less 4 L524 pay- 
ment holdback, the cash inflow is easily determined. The 
Voaluerot work pericormed: in June pilus, A portion of the cons- 
Peuct Lon teen (Ol. ¢ 26506 Of, Che contvac ore direct labour 
expenditures in June) less 15% would be a cash inflow on the 
10th of August. Once accounting has completed the calcula- 
tion of the cash flow, management can arrange in advance 
with the company's head office or a money lending institution 
for the necessary funds required to finance the project. 

The other function of accounting information is for 
the purpose of reviewing the budget during construction. 


Actual expenditure data as discussed above.) 16 anput into 
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the cash flow model to update and project the cash flows. 
This information will be used to revise the project's finan- 


Cine requirements, if required. 


Summarized Financial Data 

Besides the requirements for supplying cost information 
COUpTrO ect management Tor control wdecision purposes, account- 
ing is also charged with supplying Linancial information 
jutouthe overall accounting system of the project and the 
company, wlhese other requirements covering such diverse 
PLCeMonas wicome tax accounting, profitability ,analysis, pro- 
VWeCt Contribution stO-coMmpeny income, analyeie, ecompany re- 
source accounting, pension fund management, etc. can usually 
bereatistied by wurther codine of the project ichart of 
accounts and/or be supplied by other accounting sub-systems 
which are based on the chart of accounts such as payroll 


accounting. 
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CHAPTER V 


SURVEY OF EDMONTON CONSTRUCTION FIRMS 


Introduction 

To complement the integrated network model and its 
accounting information requirements, personnel of several 
general construction firms in the Edmonton area were inter- 
viewed CO déeterminersome generaMmanswers to the following 
questions. 

(A ) tO wbattextent pis CC. LM Bbeineg atced in wthese, firms? 

(2) To what extent is an integrated time/cost network 
model being used? 

(3) What degree of integration exists between the plann- 
ing@andicontrol functions and *the* accountine “infor-— 
mation systems used by these firms? 

The companies that were to be investigated were selected 
from the Edmonton area telephone listings. The basis of selec- 
tion was the author's knowledge,obtained while employed in che 
industry,of the firms in the Edmonton area. Only those firms 
which were judged to be consistent competitors, especially on 
the lareer projectsitin {the ated, were: chosen, = Because of 
this pre-selection process and the limited number of contrac- 
tors in the chosen category, only seven firms were selected. 
Although etatigtically the sample could never be called repre- 
séntative, Hit is felt that; the sample is representative sfor 


the purposes of the study, to get some general answers with 
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PeaspectVEo-CvP°M? planning; scheduling, and “eontrol” practices 


followed by Edmonton's major construction firms. 


Analysis 

A summary of the questions asked of the companies per- 
sonnel interviewed along with the.answers obtained is pre- 
Sented -in.Table 5al. 

The companies investigated were all about the same size 
based upon the value of their camel contract work. Based 
upon information obtained during. the interview, .the smallest 
contracted about $8 million worth annually while the largest 
were neaning the $25 million mark. 

ALI the companies wis ited .do wuse CoP. Mm. , «yet vomly .one 
company (number 3) seems to have established a working use of 
integrated model. Two other companies (numbers 4 and 6) are 
currently experimenting with an integrated model, one ona 
bare Ss 10 Un wisl ton contract . 

Atthouph company. S.jused. Geb. Moon hess sthan 254 .of ,its 
projects valued over $100,000 it did use it extensively on 
ahi its major contract work. Poscubilvwws pbet ber yindication, iof 
the «true ywoscace of CPMicould have been obtained if question 
four had been based upon the total value of the contract work 
as Opmosed sto the. number of projects: ..0n sthe .othen hand, 
good planning, scheduling, and, control, practices, are,.just as 
valuable on, the, small.prnojeacts as. they ane, on. larger. ones; 

With. respect to personnel training in the techniques of 


CPM, Onde itico. (2). companies dornot. ctw ac. any fLormal training 
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to.any| of.the employees. .However,s those. companies that do 
give some formal training to employees, usually train. only 
those who will get directly involved with the preparation of 
the network diagram. None of the firms train their foremen 
in the techniques oefeCPM. 

When asked why they used CPM, most company representa- 
Pivece eo. tial they comld, aipdeast -obtain+ betler, project 
schedule DPlannine. andecontrol bysusing CPM, rather, £hanysome 
other planning system. However, two firms used CPM for no 
Oofher reason than, that it,was requiredyby,the terms of,the 
Contra ob. 

With respect to cost planning and control, all the com- 
panies whose representatives were interviewd, operated some 
tyYpG, Of Cost control program.» -The. majority, usedsasematerial 
unit cost collection and reporting system, usually with the 
unit costs summarized by work packages relating to a bar chart 
or to summarized estimate work sheet totals but not relating 
directly tosactivaties of thesCru netvorkuper~se.ue.lThe,cost 
comparison reports were prepared regularily by all the companies. 
The majority of companies prepared them bi-weekly to coincide 
Withs their pay, periods. 

The Gdistribubion .0+ ethe cost T,eporescawas somewhat sur- 
Beilélnce plipreec,of, the compantes cidunot distribute,copies sof 
this report to their superintendents and only one company 
aqgistributed the sreport. to vthe fcremen, the men-dirnectly},res- 
nonsibvesnor conducting the field construction work. 


Of those companies who did indicate that cost information 
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was collected and summarized by C.P.M. activities, only one 
did so on a regular basis. Two others were experimenting 
with the system while a third company had tried to implement 
the system on a major contract which had stipulated that costs 
be related to the CPM model. However, they had found the 
system too unwieldly and had convinced the owners to waive 
that contract requirement. The company which encountered this 
eet tate was employing an outside consulting firm which 
specialized in preparing C.P.M. schedules (on a time basis 
only). TE ‘could be (that the program might have had more suc-— 
cess had the contractor's own forces prepared and operated the 
integrated system, and if the system had been first tried on 
a smaller less complicated project. 

Another surprising result obtained in the interviews 
was that several contractors did not employ their superinten- 
dents to help prepare the network model. Furthermore, of 
these companies only one indicated that the network model 
was prepared solely to meet the requirements of the contract. 
It fe felt that along with the Job sponsors, or project managers 
as they are sometimes referred to, the superintendents are 
iitne beet position “to beneficially “eontribate to the pro~ 
ject planning and scheduling stages of network analysis. 
The insights into the project's possible trouble areas, gained 
in the planning stages WOuld be of eresat value to superinten- 
dents who must later supervise the total execution of the pro- 
4ect- tied work. 


Most of the companies, reportedly, had project cash flows 
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forecasted by accounting department personnel in conjunction 
with project management. However, the feeling of the author, 
based upon discussions with company personnel, was that these 
forecasts were generally vague and not altogether complete. 
Two of the companies did forecast complete cash flows for 
their projects but these were based upon statistical curves 
GEahistovicalsdata from previously completed projects of..a 


Simwlarona ture, 


Summary and Conclusions 


In summary, the questionnaire did not supply complete 
answers by any means to the questions posed in the introduc- 
tion of the’chapter. However, some general answers to the 
questions are readily apparent. Furthermore, some general 
Lpeigntiacan be gainedren the effectiveness. .of the planning 
andscontrol, programs used,by.the,firms...It might be pointed 
OULsnere that in _thesconstruction industry firms can remain 
competitive without sophisticated planning and control systems 
providing the competition doesn't use superior and consequently, 
money saving techniques, or providing that those companies 
Phat odo ,sleachsa point of complete capaci tyvautijizetion while 
Git ieieaviane projects for ithe ether contractors atoe handle. 
The case of increased labour costs is similiar providing that 
all the competitors jointly hold the same contract with the 
labor unions, which is usually the-case, The increased labor 
Costs.do not ,atfiect the, contractore,.but are simply. passed on 
Poet heanrorect Owners Inch e.formeot Higher vcantract costs. 


However, considering the presently depressed 
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economy which has led to a depressed situation in the general 
construction industry LiepaLtrciwar.wone wouldsexpect that 
contractors would be using more sophisticated planning and 
control systems. 

phevextentytoewhichoithe firgs contacted are usins CPM 
Or a similar network model for planning, scheduling, and con- 
Erol ,of. construction projects is not.great.. When one, con- 
Siders not only the users of .C.P.M. but,also, the percentage 
SL epre ects that tit .is used on, «Lt iia be concluded that 
C.P.M. has not been fully accepted as a superior management 
tool by the companies surveyed. 

Generally, the integrated time/cost network model is 
ROmebe rio used by local contractors, for proj;ect acost: control. 
One contractor has experimented with the model but found it 
too awkward to use while others are presently experimenting 
With it. the, outcome of these experiments,.in a year's time, 
could provide more light on the subject. 

The degree of integration between the planning and con- 
trol functions and the accounting information systems used 
by the firms contacted is not extensive, except in cases with 
Tespectsto estimating and cost cControL, this intecration 
though is not through the use of the integrated CPM model but 
through the use of long standing traditional construction 
practices, namely unit cost estimating and analysis. 

Financial planning end control or construction projects 
as has been discussed throughout this paper is almost non- 


existent in the firms investigated. Management appears to 
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accept contract work, in some of the companies, on the theory 
Hee allyeWOrk “atrall as better gras una awork’. If jwork “is 
accepted on the basas of a competitive bid which has allowed 
for a reasonable construction fee, it is assumed that this 

fee will automatically cover all costs (this assumption based 
upon past experience is probably quite valid). However, there 
isn't the concerted effort made to investigate several alter- 
native plans in order to arrive at, within the realm of 


Prachi cadity,) amvoptinakh financial sio brtiont. 
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CHAPTERAN 


SUMMARY AND CONCLUSIONS 


Summary 

This study has related the integrated time/cost net- 
WOork™mnodel,  thesCritical’ Path Method, used” by” construction 
firms for planning, scheduling, and control to the accounting 
information requirements of the system. Special emphasis 
has been placed on the financial planning and cost control 
functions of project management. The CPM model for assisting 
management in performing these functions more satisfactorily 
than is possible with traditional systems, was described. 

The information requirements of this model were then explored 
with special attention given’ to the information requirements 
While could oe Cult er Led py accounting Aniormactron. 

To complement the descriptive model, several construc- 
tion companies in Edmonton were surveyed to determine, first, 
the extent to which the basic CPM model was being used 
locally™ior construction project management. The“second 
objective of the survey was to determine the extent to which 
these same firms were using integrated time/cost CPM and the 
third objective was to determine the extent to which the 
accounting information was integrated with the project plann- 


i od ae scheduling, and control functions of these firms. 


Conclusions 


The implementation of a CPM system for construction 
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project managment is not without problems, and the success 

of the system is dependent,» on theimanner in.which, these, are 
solved. The two major problem areas of effective implemen- 
tation would be (1) the technological planning of the systen, 
its information flows and information requirements, and 

G2) the. indoctrination and ttratvene Sots persoune.... 

This.study has centered on. the first.problem area. and 
has outlined a basic system including the system's informa- 
tion requirements and outputs. The system integrates the 
accounting information system generally used by construction 
firms with the project management functions of planning, 
Schedweine, alvdeconcrol. (lhe study concentraces ‘on, the 
benefits which should accrue to project managers who make 
use of this integrated system rather than the basic CPM model 
or traditional project management tools. However, this 
system described in the study is not a panacea for poor 
Management nor can it be applied to a specific project with- 
OitesuLret. beinoavadopted to the vindavidualsorganization. 

The survey of companies in the Edmonton area, led to 
the conclusion that, locally, very little use is being made 
of the basic CPM model let alone the integrated time/cost 
moCeteror Prorqect “plLannins abdecontrol, © Furthermore, the 
degree of integration between the project management func- 
tions and the accounting systems used in these companies 
appears to be minimal. 

The second problem area, the indoctrination and train- 


Imig O21 personnel, is outside, the seope of this paper. How- 
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ever, o Study centerinegvon tires proven, would) constitute 

an excellent area for continued research work on the whole 
Sauoje@ct) of construction projectemenagement. Other areas 

for continued research exist in the analysis of individual 
company information systems. The accounting systems of 

many construction companies are completely separate from 
their project management functions, and a study of these 
would be beneficial towards adapting a total systems approach 


to the project management functions. 
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APPENDIX A 


CRITICAL PATH METHOD TERMINOLOGY 


Activity: a time-consuming element of a network which has 
a definite beginning and end. It may represent a 
process -Stask, procurement cyclej;wwaitine time, of 
a connection or interdependency between two events on 


a network. 


Crash cost: the minimum cost expenditure required to complete 


Sn ar iviey on crash time, 


Crash timer the mninimum*® possible’ time in whichsansactivity 


can be Garriedrout. 


Cizeccal path. that partuculanssequencetoipactivitiesgmeconnect— 
ing the starting event with the ending (objective) 
event, which requires the greatest elasped time to 
complete. A path whose activities have zero float and 
whose events ae zero stack. A network will have one 


OY MOTe CTtticalyppathsvsl | vedqual to the ?project duration. 


Cost work package: a work package what has a common charge 


account number in the chart of accounts. 


Direct cost: the direct expenditure made in accomplishing 


the work. 
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Dummy activity: a logical constraint used to maintain proper 
relationships between functional activities. fThe 
dummy activity requires no time and involves no direct 


COSiE 


Duration: the time required to perform a task (activity) 


ory proyect® 


Fatiiest finish tume: the earliest time an activity can finish 
as determined by the earliest start plus the estimated 


duration ofthe ectivity 


Earliest start time: the earliest time a given eventtakes 
place ee Tor ascgavem actavaity it is the Latest, earliest 


Sinden ro: soleepreceditc., dependent activities. 


Event >) a’ point®in timelwhich®matks" the completion of onevtor 


more! Acta var Vest tor’ thes tavrive Of- One2 Ore moOTel activities. 


EVent Siack: the maximum time avatlable for an event to take 
place, calculated as the difference between the latest 


event time and earliest event time. 


Indirect cost (general expenses): the cost related to the 
Eontrol of the work Cinterest, supervision. loses. of 


revenue, job overhead). 


Latest finish time: tCheslatest (time van activity can finish 
without affecting completion of the project as deter- 


mined by the latest start of all following activities. 
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Dabvestyestart times: the latest \time anwactivity.cansstart 


without aitectine conpLletzonsef the .project. 


Network (arrow diagram): a> BLOW eysieraet Consisting of the 
activities and events which must be accomplished to 
reach the project objectives, showing their planned 
sequences of accomplishment, interdependencies, and 


interrelationships. 


UGrmo le Gostcitie, cost associated with each activity Lf it 


De eCarrieds Ol lust soOrma & atEine . 


Normal time: the most likely duration of the activity carried 


out under:normal conditions’. 


Project: any task which has a definable beginning and a de- 
finable end and requires expenditure of one or more 
resources in each of the separate but interrelated and 
interdependent activities which must be completed to 
achieve the objectives for which the task (or project) 


was instituted. 


Resouroe al location. sscheduling activities in: order to fit as 
mearly as, possible a given pattern of availability of 


RES OU ECC Sr. 


Rerouros leveling: scheduling activities in order to minimize 
the variations of resource requirements from one time 


period to the next. 
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Toure Loagts the full “amounc of time by which the start of 
an activity may be delayed without causing the project 
completion to he delayed. Determined by the difference 


between an activities earliest.start and latest finish 


Minus its duration. 


Work breakdown structure: an analysis of the project based 
Upon Chewdsvieton Of the fing! product. into a: number 


of components, with further subdivisions as necessary. 


Mork package: “an activity or weroup of activities .comb ined 
and identified for purposes of management control. 


These activities are usually within the responsibility 


of one department, etc. 
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APPENDIX B 


THE BASIC METHODOLOGY OF C P M: CONSTRUCTION 
OF THE C P M. ‘NETWORK AND IDENTIFICATION 


OF THE CRITICAL patut 


The first phase of the CPM model is the construct- 
ion of a network model of the sequential relationships of 
the operations making up the project. The second is the 
phase that determines which operations are critical, 
i.e., which operations determine the overall project 
duration, and how much float the remaining operations have. 

We begin the analysis of CPM methodology by stating a 
fundamental assumption underlying the use of CPM. "This 
fundamental assumption--which is often unstated in the 
literature of the subject-- is as follows: Not only the basic 
objectives of a program but the detailed reqrvirements 
deriving from them must be clearly specified before CPM 
Management Systems can be effectively Eran 

The CPM program ts constructed for a Pere ain project. 
In CPM Analysis, the project is represented by a network. The 
network (or arrow diagram) is defined as a flow diagram con- 


sisting of the activities and events which must be acconm- 


Niogted. £rom Arata. joc. Git a..0D.. 20-30. 


rs RK. We Mie r,> Schedule, Cols tes iProiste Cont vod iQew 


York: McGraw-Hill Sock Company, 1963), p. 127. 
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plished to-reach the project’ objectives, showing their 
planned sequences of accomplishment, interdependencies, 


and interrelationships. 


Activities and Events 

the firs@ step in estabgicghine a CPM network for 
a certainsproject, then, is to determine the necessary 
Operations or activities to be performed and their sequence. 
Each activity is represented in ae network by an arrow. 
It's tail represents the commencement of the activity and 
it's head represents the completion of the activity. Each 
aucoweae uUniguer(1.6., and single activity cannot. be 
represented by more than one arrow). The arrow is not 
drawn to scale. An activity cannot start until all preceed- 
ing activities have been completed. 

Junctions of arrows in the network are called events. 
Figure B.1 depicts a simple network. Circles represent 
events. They are numbered such that the number at the tail 
Ofwany arrow isPsemaller™ ¢han*the tumber at the head of that 
arrow. That is, we assume that the events are labled such 
that if event i precedes event j then i< j. Event numbers 
apocareat the top Halt ort each@eircice, ~in*™the*=bottom “half 
of the circle two numbers are indicated. The right-hand 
number*represents the’ latest’ finish tine at ene event. These 
concepts will be explained shortly. 


Squares attached to the underside of a horizontal arrow 


sot drevten NID o gedito? fimbas nw! qese fede bas ‘ 
Viet enone wee uttacs p7 05 ov gat ,a@oas 390 fare aheitos *' 
Socal paw etl tice! Pawvel 224 od of eotvlvhsas pa) Saber sanege | 
ee ‘qoividos dion | 
eeasxqey f2a2 “3h au 7 


Asya 6. Wade iiSse of Fe notte Saamy Sar kas ideetes baod a’ ak i 


vers. a6 a devEee add ot beda« . 


bon YStebhics oF 34 onoassaaaugg ag 


at téahen ely ivan elautn ban ee PJ ciple’ at wom38, 
ioe of Wowk wad? | (worse ef6 saedd peor ed boansesxqst 
“hbeagesq the liteay 23878 Jonnas vaivitos th .ofase ao! nena : ; 
botetqao>s coed ava eatahyisos gk 
latteve botias ot, AgewSeq siz et gwoize Yo adoksonut ro 
Ageesrges ekaloel®?  .#sevsen. oiquka & pila t= 
Lind #83 J@ todannm, ets. dads ere beasdmy st4 ai deve 
reds Yo bead ws fe wade oda mals sbhteny «f reer qhe Ye ’ 
flows balded aga eraere als Inde eer a oa bec vabichiet’ 
wroteny Peeve «ra west ¢ Jnovp md 
lied worded odd at raitionhs years 


hant-sigta ont shea tbat a ave 


owed’ etaene, ods ‘ debt? we of 4 
ne = | ity 7. < ra 


FIGURE B.1 


Orsto the righty sideyof a vyertical,arrow,represent esti- 
mated SCELiVity dunmationc, 1.e.. the time required to finish 
each sactivity. the duration lasestimated according to 
the selected method of performance. At this point, we 
assume that these time estimates of activity durations are 
deterministic. 

The stivat anrow pepresents al:start” or “lead time" 
Arrow Go show all oprevicue work, Jor atleast tocindicate,a 
BLactine point yior abl vactivities, 

In the following discussion, we will refer to each 
a¢bivity.by its preceding sand succeeding event numbers, i.e., 


aneactivity is .ceptesented byuthesnotation (1,74) such,that 


L.&- avert 
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activi tir tGl 207, 


Crit Gal vand) Noneri/etigad. Ac timisbleca]tindin ea the Critical, Path 


One of the objectives of CPM is to produce a schedule 
giving the calendar date on which each activity will start. 
some “activities «ould, start: on any date during a certain 
range in time and not affect the completion date for the 
Provyece lasira wzhote fovOther vactivilties, can have sno variation 
Paes tareiigetime aorlhe ¢latter activities are »critical because 
any delay in starting any of them will delay the project 
Conpletwvon.  Iheyrormes activities are, not critical. The 
difference between the earliest starting time and the latest 
starting time of an activity, therefore, is a measure of 
epiticelprycedine ditierencetisgéallied "tetal float" «Cor 
primary slack) and it is a very important quantity in any 
eehedulingSprocedtre.g Thus, eif*total float asszero,s the 
ACLAVLILY Dsecrltticaithifeitelsngreaterythan zero, \ythe 


ACtivityeispnonscritieals. 


Earliest Start and Finish Times 

In the above network, the starting date of the project 
is, taken Asua, base ofezeroytimere Thus... activitys Gl.2) hasan 
earliest starting time of zero. The times associated with 
alld ©fithessucceeding sctivities are, redative.torsthis zero 


time base. This procedure makes it easier to convert the 
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network, when desired, to a calendar schedule. 

From this starting point, the objective is to proceed 
enCSuancweher curl iecetactattingmeimes ef all other activities. 
This is done by proceeding from each event to the next in 
ordere (iver §  eoing*® ftom@elower*to higher event’ numbers). 

he tChePinovant’ ©fstime’ athwhich event? occurs is 


represented by a nonnegative number t, and the earliest start 


: ae O : aoe 
time at event i is denoted by | cE then the earliest finish 


( 


Mepnpletion) timer rors ackivaety+kifo9).-1s ene? FEYSPE dénotes 
ba 


PueguGreation of activity (i, ji). Thus in’ the above network, 


(o) 


ty CStereventer twa. and cariiest Linich tame for activity 


ec c0 ) a 

PHEVearlgestestartyetines For the’ concurrent ’“activities 
(2Zere)y ande(2, @ysare=identical*te the*éarlrest*finish time 
forethe*precedinge attivity Cl9 2)y revs ene? aes, © EThes 
Number@is shown®invehe rigcht-handvyslot ofthe "bottom half of 
(Ode. ga) 4 z£ 
3 = ts + bees an5e+-e5 =-10. 
At@®eventes, oth preceding activities (2, 4) and €3 4) 


event 220@Simnileariyy*+t 


must be completed. While activity (2, 4) has an earliest 
fIintsherpimne *6Ls00 (i.e. efor + Ys fe 5 + 5), we must await 
b] 


the completion of activity (3, 4) whose earliest finish time 


13,20 @3= ae +.Y =eLO er 810) “before ’wevcantstart activity 


3,4 


C4, >). }glbhus, the earliest start time at event 4 must be the 


lareerterdthetéarliést finish titles of teetrivittes"(29°%4) "and 


C2, C4 2tthat cis: why = larger value of ewe 20 


20 


This’ Phiustratés «a+ general*rubevinvcrm analysis, “viz-., “the 
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Sarivest start \time oral the fadtivities starting at any 
evenrwreduale *the target valucvoretie Garliest “finish ‘tines 
Gt alP activities ending tabithnarrevent. 

The earliest start times at the rest of the events in 
the above network are calculated in the same manner by 


applying this rule. Since event 6 is the last event in the 


) 


O 
network, and t § 


6 is equal to the earliest finish time of all 


(o) 
6 


represents th2 earliest possible completion time for the 


the preceeding activities, the value of t (= 35 days) 


provect. 


Latest Start and Finish Times 

It will be recalled from the above discussion that the 
Seocariioat'’, which Le htaken as a’ measure "of "criticality 
OL factivities, is equal, to *ehe difference between the ‘earliest 
Stant “and the Vatest start “times “of an activity. «The “earliest 
Sterm time for “activity (ily jp) ete determined by finding 


ag St eVenw =. 


The latest start time can be found by subtracting ‘the 
aetivity "duration (Y, .) “from the Latest finish "time ‘of that 


> 


activity. ' If we denote the latest finish time of activity 


Cie] etby Sale the latest start time will be equal to 


eed a 
1;J 


To determine the latest finish time for each activity, 


we start by determining the Tatest finish time for the project 
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asta Sihe lie’ C1. 6), = ) where n denotes the last event in the 
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project) : It is assumed here that the latest finish time 


ror "tie. projectriissequa’ to Pustearliest finish «time t(i.e., 


i 
a aie aiaey, Tn *thespresent-sexauple ys we assume "that 
Gl, Wins CO) 2 ae 
te = te = 35 days. Any other condition can be imposed 
on"the project as "a Latest “finish ’time. )"However if ‘the 
er) (o) 


eonditroen-is Sweh that t < ce » the added cost due to 


n 
Perc Ormine 60Ometactivities ati Cor*elosé to) their “crash 
time" should be considered. This point will be discussed 
below when the cost aspects of CPM are analyzed. 

Having decided “onthe Latest finish time at the 
last event, we proceed backward in sequence to determine 
the latest finish time at all of the preceding‘ events. As 


indicated before, Figure l'‘shows"thelatést "finish time at 


egek event inthe left=—hand slot of tthe *hottom*halbf*of the 


event ectrele. PeSinec ete igset Mequalétot35; po he = eat 

4 + ° . Cy) Com Gis) = = = 
eG 35 5 #830 .°°Simitlar ly; ty = te Maes Bho) 10 
R20). 


Notiee®thab theVlatest finish 6i®an activity must 
be equal to the latest start of the,succeeding activity, 
otherwise the latest start condition and, consequently, the 
completion condition at the last event will be violated. 
F6rtexamplé,Pthe Latestefinish time foreactivitry °¢3, 4) 

(= eee = 20) must be Seiad Pot lemlatecnt: crart vine fox 
(1) 


activity *®€4}5)©(@=et ~ 


esgic ™ i es 
5 hens 3 10 20) Lietwotac ts 


VELTLES start lout of +Onetevent, the®rube*is to take as the 
latest \£inish*timG@l at thateevent (whith is the Latest finish 


time for précéding* activities) the snalter*of the Latest ‘start 
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THE Critical Path 

Once earliest and latest Mack times¢s,of gactivisies 
are determined, the difference between them, the total float, 
can be fdetermined for each a@ctivity. Any activity with a 
total “Wiloate of Zero icecrvitical im Any co-nected chain of 
Cctatiicam activities rom the first to, the last event is 
called the "critical path". While there may be more than 
ONGeECTitican pawn inh a projger, no activity eanybe critical 
withoutmlyins on aeciritical path 

Table B.1 shows start and finish times and total float 
Lor hess ctivitiescmin Picure ss.) It ts clear from thei table 
that activities (1,2) 82 yb (OR) mm C465) 8 and (5,6) have 
Zero total. float. Therefore, a path composed of these acti- 
wities, in this Begwence wig The scritical path for thejpro- 
ject, this’ path if identified an Figure B.l by the wider 
arrows. 

With this Mepinitteion -oticraticgal aobs and cauitical path, 
certain things are immediately apparent: 

(1) The project duration equals the sum of the dura- 
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COSDTO GCL fifteen, gee, go Critical path is the 
Dulectays Seas chain" from beginning to end. 

C2)" SP deta. Pn hes lac gor) t 1. eiwoieamee intel ca 1 
Seccivity Wild delay tre project completion by an 
equal amount. 

(3) .If more resources are applied to reduce the project 
ducatwion | cCrashine )a then activities must be 


selected, DEOM amano thoes “Ehat are critical. 


Scheduling 


The next stage in the analysis is the preparation of 
the schedule. In producing any schedule the requirement is 
to level manpower and resource use. This is accomplished by 
using total float to select the best job-starting time. 
Figure B.2 shows three different construction programs for 
the network in Figure B.1. The manpower requirements of each 
POLIVity ane, wodicated alter tmeractevicy Ss duration on the 
network diagram. Below each bar chart is a manpower require- 
ment histogram. It can readily be seen that schedule (c) 
will enable management to maintain a relatively constant 
size workforce on the project .=<This project is simple but 
resource and manpower leveling on complex projects becomes 
more demanding. Several algorithms are available to simplify 


arid stream-line this task. 
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Ritter, and W.L. Meyers, The Critical (continued on page 8-12) 
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EXAMPLE OF VARIOUS WORKFORCE 
REQUIREMENTS DUE TO VARIATION 
IN SCHEDULING 
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The next step is calendar date the schedule providing 


management with information to monitor the project's progress. 


All this requires is to establish some time insance to corre- 
Spond to a network event. Then the schedule is dated, taking 
into account holidays and weekendds. Figure B.3 shows the 
completed dated schedule based upon a starting date for 


ACCUV iE yl 2 Ol nJulye 2 oo 2137-0’. 


TABLE B.3 


EXAMPLE OF A DATED PROJECT SCHEDULE 


neLiv lay. DaTracvon Scheduled Earliest Late 
obaret Pinisn Petart Fingweh | Start 
1-2 Pass Stl Oech) Os Iris Aue, 28 Jul 
2-3 oD 05 Aug Pearaueg. JOS, Auge l2 Aug <05 Aug 
2-4 5 O57 Aug Lop aie OS Aucwe Ll? Aue’ LS Aug 
3-4 10 12 Aug COwAur dc. Avie 2oOeAuG) 2 Aus 
4=-5 10 26 Aug fOr Sep) 26 (Aug a0. Sep 26 Aug 
3=5 3 26 Aug 02 Sep 12 Aug 19 Aug 02 Sep 


5-6 S) 10 Sep a Sep LOM nen bf gep LO Sep 


3 (continued) Path Methed, (New York: McGraw-Hill Book Compan 


1965), pp. 89-108; Albert Battersby, Network Analysis, 
(London: MacMillan and. Company, td. 1967), pp. 168-187; 
William R. Martin, Network Plannine for Building Constructi 
(lordaon: Willaim: Heinemann Ltd., 1969), pp. 73-/93; RL. Mar 
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Project Management and Control, Volume II: Finding the Critical 


Path, (New York: American Management Association, 1964), pp 
tides Brenuans soe. Gc, , pp. f-23,. 206-221, 321-345. 
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CONSTRUCTION COMPANY 
C.P.M. USAGE QUESTIONNAIRE 


EDMONTON AREA 


Company Number | Da tie 3) |" 


Title of Person Interviewed 


Does your company use C.P.M. or a similar network model for 
proiectuplanning. eocheduling and’ control? 


iS. No 
2 Yes 
ae Other method 


What’ reason do you give for your company not using C.P.M. or 
a.similar network model .for project .planning ,and,.control? 


1. Functionally unable to use 

e. Unmiamikiar with the technique 
3. Present method adequate 

ay Other 


Sy sont know 


What is the total contract value of work .undertaken by .your 
firm as General Contractor in the Edmonton area? 
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A, Less wthan SL million 


Un wrat percentage of projects <onstructed by your firm is 
C.P.M. used? 
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2. Management personnel 

3. Job sponsors and superintendents 

4. Foremen and field engineering staff 
52° ACCOUnTIineEY personnel 

6. Estimators (if a separate department) 


What réason would you give for your firms major use of C.P.M.? 


- Requirement of the contract 


. We can obtain better project schedule planning and control 


i 

2 

S32 Wev™can obtain better project cost planning and control 

4. We can obtain better project schedule and cost planning 
and control 

Das Uther 


im thetusemoGPCePreM. for project planning and control, are 
costs assigned to activities or work packages? 


ke YEs: always 
oe. Yes: sometimes 
a7 No 


If the answer is yes to question seven (7) above, are actual 
eeete@collected by activities: or work package classification 
for comparison with the estimated costs? 


by Yes 
Zs No 


Are actual project costs collected and summarized regularily 
for comparison with estimated costs? 


Bs Yes - labour 

ap Yes - machine rental 
hi Yes - material 

4. No 


How are these costs summarized? 


ie SByematerial units 
2. By activities or work packages 
33 Other 


steabees mma 
Atsia ited Fe rs 
meats 

‘fimomirsqeb wjezeqes) a it) 


7.M,1,0 oO sew totam Sarl i avoy 762 eves wo Ry BE 


taerined eft lo Saeweaiupet 

foxsaes base golwaala elubudow Jostorq ragged otssde aes OW 
foxjios bee geladwie tes ta5}or4 hye siatds aaa oy “GE 
pitaealg tdoo bne sivubetoe Joalosd te230d alegde aaa’ a A 

| £ ftaxitao5 boas 

en 38d90 


ate ,1e34@65 ‘ie artoned¢ Yvetor¢ x67 M.S. or) Ty sav beste 
teegedoayd s160W\ so, selbstuliog as ‘bongtaes sean 


ayouls*1ae¥ 
romkd oan! resY 
| a, 


wcokjbolttenalo wgesoaq Xeon yo toiaivisoe wi bercsitos a3 


{eu39n sxe ,uvedsn (<) asvea oglaehap oF shy el dewene eet 
fexvGap borvemtsen ad) ddtw avaleeqmos” 


vitxateger bext veamee ite ne fins wanes ‘oiviss 
sti Lai 


iy 


dsl. 


as 


OG 


14. 


is 


Lo. 


Are cost comparison reports prepared regularily? 


1. Weekly 
2. i Monthly 
a Other 
a4. Wo 


Who receives copies of the cost reports? 


rt Management (company) 
Za DOD Sponsors 

3 Superintendents 

4. Estimators 

5. Foremen 

Go Others 


Is the C.P.M. model used for manpower and equipment scheduling 
and leveling? 


1. Yes - manpower 

2. Yes - equipment 

3. Yes - sub-contractor 
4. No 


Are actual costs collected by accounts coded to match the 
estimate codes? 


i i Yes 
ae No 


Who is responsible for preparing tl2 network model? 


Estimators 
Planners 

Job sponsor 
Superintendent 
Others 


in PWN 


Does the accounting department forecast the cash flow of 
projects? 


1 Yes 
ie No 
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17. If the answer is yes to the above question (16), what 
basis upon which the cash flow is calculated? 


a= CO) 


Car chart schedule 
Historical records 
Network model (C.P.M.) 
Other 
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